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PREFACE. 


In  the  preparation  of  this  book  the  object  has  been  to  present 
to  the  student  of  ophthahnology^  whether  he  be  an  undergraduate 
or  a  practitioner  of  medicine,  the  subject-matter  tersely,  practi- 
callyj  and  comprehensively*  The  experience  of  the  authors  as 
teachers  has  impressed  them  vnth  the  difficulties  on  the  part  of 
the  student  in  acquiring  even  a  superficial  understanding  of  the 
diseases  of  the  eye,  and  this  knowledge  has  influenced  them  to 
treat  briefly  purely  scientific  and  theoretic  subdivisions  and  to 
emphasize  the  common  aflfections  and  traumatisms- 

In  carrying  out  this  object,  less  space  than  is  found  in  teit- 

^ks  of  similar  scope  has  been  allotted  to  refraction,  to  the  rarer 
temal  diseases  of  the  eye,  and  to  affections  of  the  posterior  seg- 
Fment  of  the  ball  which  have  not  proved  amenable  to  treatment. 
Many  original  illustrations  have  been  prepared  from  hospital  and 
private  cases,  particularly  in  those  chapters  that  have  appeared  to 
the  authors  to  need  graphic  presentation.  In  some  instances  iUus- 
tralions  from  well-known  textbooks  have  been  utihzed,  and  due 

iit  is  given  b  the  text* 

The  authors  have  drawn  freely  upon  the  '*  System  of  Diseases 
of  the  Eye,"  by  Noms  and  Oliver;  ''The  American  Text-Book  of 
I)b%ea5es  of  the  Eye,  Nose,  and  Throat,"  by  de  Schweinitz  and 
RandiiU;  and  the  treatises  by  Fuchs,  de  Schweinitz,  and  Fick. 
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DISEASES  OF  THE  EYE. 


CHAPTER  1. 

EXAMINATION   OF  THE   PATIENT  AND    EX- 
TERNAL AND   FUNCTIONAL  EXAM- 
INATION OF  THE  EYE. 

Accurate  and  complete  records  of  the  results  of  examination 
of  a  patient  with  symptoms  of  ocular  disease  should  be  made  in 
every  instance,  both  for  present  needs  and  as  a  guide  to  future 
course  and  treatment.  The  record  may  be  made  in  an  ordinary 
blank  book,  an  especially  arranged  case  book,  or  by  the  card 
system  now  largely  used.  It  should  include  the  patient's  name, 
age,  occupation,  family  and  personal  history,  and  such  other 
data  as  may  bear  upon  the  case.  In  mild  external  inflammations 
a  record  of  the  conditions  as  shown  by  direct  inspection  may  be 
sufl&cient,  but  in  the  deeper  inflammations  and  in  obscure  forms 
of  ocular  disease  the  inquiry  should  extend  beyond  the  examination 
of  the  eyes,  and  include  hereditary  tendencies;  personal  habits, 
as  the  abuse  of  alcohol,  tobacco,  or  narcotics;  general  body  func- 
tions, as  shown  by  the  action  of  the  heart,  lungs,  and  kidneys; 
and  evidence  of  nervous  disease,  as  indicated  by  unsteady  gait, 
loss  of  muscular  power,  altered  reflexes,  or  impaired  sensation. 

The  patient's  description  of  symptoms,  at  times  unnecessarily 
verbose  and  non-pertinent,  should  be  listened  to  with  attentive 
interest,  and  all  points  noted  that  may  prove  of  service  in  the 
diagnosis  and  treatment.  The  physician's  bearing  toward  his 
patient  should  produce  the  impression  of  confidence,  sympathy, 
and  consideration. 

Inspection. — The  patient  is  seated  in  a  good  light  facing  a 
window,  in  order  that  any  peculiarities  in  the  conformation  of 
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Fig.  I. 


-Ins FICTION  OF  the  Lower 
Cul-de-sac. 


the  bones  of  the  orbit,  blemishes  of  the  skin,  or  abnormalities  of 

the  muscles  of  the  face ;  affections 
of  the  lids,  as  evidenced  by  en- 
larged blood' ^Tssels,  tumors, 
drooping  or  inability  to  close  the 
lids,  inverted  or  everted  margins, 
hardened  cnists,  misdirected 
lashes,  or  parasites;  size  of  the 
commissure;  disease  of  the  lacri- 
mal sac  or  stricture  of  the  nasal 
duct,  as  shown  by  the  escape 
of  retained  secretion  or  pus 
through  the  upper  or  lower 
punctum  when  pressure  is  made 
over  the  lacrimal  bone;  conges- 
tion of  the  conjunctiva,  or  of 
tumors,  granulations,  or  foreign 
substances  in  its  tissue;  the  size,  response  to  light,  and  equality  or 
inequality  of  the  pupils;  differences  in  the  color  of  the  irides; 
devnation  of  the  visual  axes;  or  involuntary  movements  of  the  eye- 
balls (nystagmus)  may  be  noted. 
The  conjunctiva,  the  mucous 
membrane  that  protects  and 
lubricates  the  anterior  surface  of 
the  eyeball,  is  divided  into  two 
portions,  the  ocular  and  pal- 
pebral. To  examine  the  infe- 
rior conjunctiva  and  lower  cul- 
de-sac,  the  patient  looks  upward 
while  the  surgeon  draws  do%vn 
the  lower  lid.  In  this  manner 
the  entire  inferior  cul-de-sac,  the 
punctumj  and  the  caruncle  are 
brought  into  viqxw  The  upper 
ocular    conjunctiva    is    exposed 

when  the  patient  looks  down,  and  the  surgeon  retracts  the  upper  lid* 
The  common  practice  of  examining  the  cornea  and  ocular  con  junc- 
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E VERSION  OF  THE  UPPER  LID. 


liva  by  forcibly  separating  both  lids  at  the  same  time^  and 
directing  the  patient  to  look  forward,  is  not  only  annoying  to  the 
patient,  but  does  not  permit  a  satisfactor)^  view. 

Eversioo  of  the  Upper  Lid.^To  examine  the  superior  cut- 
de-sac  and  the  conjunctival  surface  of  the  upper  lid,  the  patient 
is  instructed  to  rotate  the  eye  downward  to  its  farthest  extent. 
The  examiner,  seated  in  front  of  the  patient,  grasps  the  lashes  of 
the  upper  lid  between  the  ihumb  and  index  finger  of  the  right 
hand^  and  draws  the  lid  downward  and  away  from  the  ball,  while 
the  thumh  of  the  left  hand  makes  pressure  just  above  the  upper 
margin  of  the  tarsus.   By  quickly  turn- 
ing the  cilian'  border  of  the  lid  over 
the  thumb,  which  acts  as  a  fulcrum, 
the  conjunctival  surface  of  the  lid  is 
brought  into  \iew.    A  toothpick  or  a 
matchsuck  may  be  used  as  a  fulcrum 
instead  of  the  thumb.    In  individuals 
who  have  no  eyelashes,  or  in  young 
children  or  infants,  who  forcibly  close 
the  lids  from  fear  of  pain  and  photn- 
phobiaj  eversion  may  be  accomplished 
by  utilizing  the  contraction  of  the  or- 
bicularis muscle  as  the  everting  power, 
with  the  thumbs  as  fulcrums.    In  ul- 
ceration of  the  cornea,  undue  pressure  may  rupture  the  weak 
ened  membrane.     The  eversion  of  the  upper  Ud  is  maintained 
by  the  first  finger,  and  that  of  the  lower  lid  by  the  thumb  of  the 
left  hand.     Contraction  of  the  orbicularis  exposes  the  entire  pal- 
pebral  conjunctiva  of  both  lids, 

Conjtinctiiral  Congestion.— The  normal  transparent  bulbar 
conjunctiva  usually  shows  a  few  blood-vessels  near  the  upper  and 
lower  cul-de-sac*  If  the  membrane  is  inflamed  the  vessels  of  the 
conjunctiva  appear  in  great  numbers,  converge  toward  the  cornea* 
are  superficial,  and  move  with  the  conjunctiva.  They  are  ante- 
rior terminations  of  the  ophthalmic  arter>^  and  are  known  as 
paM€rior  canJKnftivai  vessels  (sQQ  Fig.  109,  page  159)-  Congestion 
of   the    aniirior  ctHary  blood-vessels  produces  a  pink  zone  sur- 
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rounding  the  cornea,  and  is  characteristic  of  inflammations  of 
that  membrane  and  of  all  forms  of  iritis.  It  is  known  as  the 
pericorneal  zone  (see  Fig.  no,  page  159).  The  vessels  are  about 
3  mm.  in  length,  fine,  straight,  and  parallel  to  each  other.  They 
are  branches  of  the  anterior  ciliary  arteries. 

The  temperature  of  the  conjunctival  sac  ranges  between 
96®  and  97°,  and  is  about  2°  less  than  that  of  the  mouth  and  1°  less 
than  that  of  the  axilla.  The  temperature  of  the  orbit,  from  which 
the  eye  has  been  removed,  varies  between  94°  and  97°. 

Examination  of  the  cornea  may  reveal  the  presence  of 
foreign  bodies,  opacities,  ulceration,  and  irregularities  of  its  surface 
or  curve.  By  comparison  with  a  healthy  cornea  marked  deviations 
from  the  normal  are  readily  detected  without  the  use  of  a  mag- 
nifying lens.  Irregular  refraction,  owing  to  facets  or  protrusion 
of  the  membrane,  will  distort  images,  such  as  the  cross-bars  of  a 
window,  when  the  patient  is  placed  in  a  suitable  position.  Pla- 
cido's  disk,  which  consists  of  a  series  of  concentric  black  circles, 
may  be  used  for  this  purpose.  When  held  in  a  bright  h'ght  a 
short  distance  from  the  patient's  eye  the  circles  reflected  from  the 
cornea  lose  their  symmetry'  and  form  should  the  corneal  curve  be 
irregular. 

Abrasions  or  ulcers  of  the  cornea  are  clearly  outlined  by 
dropping  upon  the  sclera  a  2  per  cent,  aqueous  solution  of  fluor- 
escin,  rendered  alkaline  with  sodium  carbonate  (15  grains  to  each 
ounce  of  solution).  The  solution  stains  any  part  of  the  cornea 
deprived  of  its  epithelium  a  bright  green  color,  leaving  the  healthy 
cornea  unchanged.     Old  ulcerated  areas  stain  a  yellowish-green. 

Sensibility  of  the  cornea  is  tested  conveniently  by  a  wisp  of 
cotton  carried  across  its  surface  while  the  lids  are  held  apart  by  the 
fingers.  Contact  with  the  cornea  will,  when  the  sensibility  is  pre- 
served, produce  irresistible  contraction  of  the  orbicularis  muscle. 
The  determination  is  of  value  in  the  diagnosis  of  glaucoma,  fifth  nerve 
affections,  suspected  deep-seated  orbital  or  central  disease,  or  of  hys- 
teria.    Comparison  should  always  be  made  with  a  healthy  eye. 

Oblique  or  Focal  Illumination.-— This  method  of  examina- 
tion is  of  value  in  studying  the  cornea,  anterior  chamber,  iris, 
lens,  and,  with  the  pupil  dilated,  the  anterior  layers  of  the  vitreous. 
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It  reveak  foreign  bodies  on  the  cornea  or  in  the  conjunctival  sac; 
corneal  disease;  pus,  blood,  and  other  foreign  substances  in  the 
anterior  chamber;  deposits  on  or  rupture  of  the  iris;  adhesion 


Fig.  4. — Examination  by  Oblique  Illumination. 

between  the  iris  and  lens  capsule,  or  deposits  on  the  capsule; 

opacities  of  the  capsule  or  of  the  lens  itself;  and  opacities  and  new 

growths  projecting  for\vard  in  the  vitreous  near  the  posterior 

capsule  of  the  lens.   Two  lenses,  of  about  15  D 

each,  are  required,  one  to  focus  the  rays  from  a 

nearby  lamp  or  gas  flame,  and  the  other,  held 

about  three  inches  from  the  eye  to  be  inspected 

and  in  a  line  with  the  observer's  eye,  to  magnify 
the  image.  The  second  lens 
is  moved  gradually  nearer 
to  the  patient's  eye  in  order 
to  examine  successively 
the  cornea,  iris,  anterior 
chamber,  lens,  and  anterior  portions  of  the 
vitreous.  An  ingenious  binocular  magnifying 
lens  adjusted  to  the  head  by  a  band  similar  to 
that  of  the  ordinar\'  head  mirror  has  been 
devised  by  Jackson.     The  object  examined  is 

magnified,  and  the  angle  at  which  the  binocular  lenses  are  fitted 

insures  stereoscopic  vision.     Another  form  of  stereoscopic  mag- 


Fic.  5. — Jackson's 
Binocular  Mag- 
nifying Lenses. 


Fig.  6. — Stereo- 
scopic Mag- 
nifying    Lens. 
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nifying  lens,  modified  after  the  original  instrument  of  Jackson, 
is  shown  in  figure  6.  The  corneal  loupe  and  the  corneal  micro- 
scope are  devices  for  minutely  examining  the  structure  of  the 
cornea.  Of  the  microscopes,  that  designed  by  Howe  is  admir- 
ably adapted  for  the  purpose. 

The  anterior  chamber  is  bounded  anteriorly  by  the  cornea  and 
posteriorly  by  the  iris  and  pupil.  The  junction  of  the  ligamentum 
pectinatum  and  sclera  forms  the  angle  of  the  anterior  chamber, 
the  anterior  filtration  angle.  Most  of  the  excretions  of  the  interior 
of  the  eye  pass  through  the  spaces  of  Fontana  in  this  situation  by 
osmosis,  and  enter  the  circular  venous  channel,  in  the  periphery 
of  the  cornea,  known  as  the  canal  of  Schlemm.  The  normal 
depth  of  the  anterior  chamber  is  about  4  mm.  It  becomes  shallow 
in  chronic  glaucoma,  in  forward  dislocation  of  the  lens,  tumors  of 
the  iris,  and  in  other  intraocular  growths.  Its  depth  is  increased 
in  posterior  dislocation  of  the  lens,  in  serous  iridocyclitis,  and  in 
conical  cornea.  The  anterior  chamber  contains  a  transparent 
saline  fluid,  the  aqueous  humory  which  is  secreted  by  the  serous 
lining  of  the  cornea,  the  iris,  and  the  ciliarj'  body.  The  transpar- 
ency of  the  fluid  is  partly  lost  in  disease  of  the  uveal  tract  and  by 
a  collection  of  fibrinous  and  purulent  exudate  (hypopyon)  or  by 
blood  (hyphcBtna). 

The  iris,  suspended  between  the  anterior  and  posterior 
chambers,  is  attached  at  its  periphery  to  the  ligamentum  pectin- 
atum, and  by  this  ligament  to  the  sclerocomeal  border.  The 
pupillary  border  rests  upon  the  anterior  capsule  of  the  lens.  The 
color  of  the  iris,  which  varies  from  a  light  blue  to  a  dark  brown, 
depends  upon  the  relation  between  the  amount  of  pigment  in  the 
iris  stroma  and  the  density  of  the  retinal  pigment  on  its  posterior 
surface.  The  iris  of  the  albino  contains  no  pigment.  The  pink 
glare  emitted  through  the  pupil  and  meshes  of  the  iris  when  the 
albinolic  eye  is  exposed  to  light  is  due  to  the  fundus  reflex.  Differ- 
ences in  color  of  the  irides  are  not  uncommon,  and  spots  of  pig- 
ment resembling  a  foreign  body  are  frequently  seen.  In  severe 
inflammations  of  the  uveal  tract,  and  in  cases  of  retained  metallic 
bodies  in  the  vitreous  chamber,  the  iris  becomes  a  greenish-yellow 
color. 
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Examination  of  the  iris  and  pupil  will  furnish  important  and 
early  information  of  many  local  and  constitutional  diseases,  by 
changes  in  the  size  and  form  of  the  pupil  from  adhesions  of  the 
pupillary  border  to  the  lens  capsule,  by  thickening  and  infil- 
tration, and  by  the  response  to  the  stimulus  of  light  and  accom- 
modation. 

The  Pupil. — ^There  is  no  uniform  standard  size  of  the  pupil, 
its  diameter  varying  with  the  intensity  of  light,  the  association 
of  accommodation  and  convergence,  the  refraction  of  the  eye,  and 
the  age  of  the  individual.  About  4  nmi.  is  the  average  size  of  the 
pupil  in  ordinary  diffuse  daylight,  with  the  visual  axes  parallel. 
In  general,  the  pupils  are  smaller  in 
old  age.  The  normal  reactions  of  the 
pupil  are  five: 

1.  Direct, — Alternate  contraction 
and  dilatation  of  each  pupil  sepa- 
rately under  the  stimulus  of  light. 

2.  Indirect, — ^Alternate  dilatation 
and  contraction  of  one  pupil  when 
the  other  is  shielded  from  and  ex- 
posed to  the  light. 

_,  .       .  _  Fig.  7. — PUPILLOMETER. 

3.  Convergence  and  Accommodch 

tion, — Contraction  of  the  pupils  when  the  two  visual  Unes  are  fixed 
upon  an  object  at  the  usual  reading  distance. 

4.  Therapeutic.— rDilaitSLtion  after  the  instillation  of  mydriatics 
and  contraction  after  myotics. 

5.  Skin  Reaction, — Dilatation  upon  stimulation  of  the  cuta- 
neous ner\'es,  particularly  of  the  neck  and  spine. 

A  full  description  of  the  methods  of  testing  the  normal  reflexes 
of  the  pupil,  and  the  changes  caused  by  disease,  is  given  in  chapter 

XVII. 

The  Sense  of  Sight. — ^The  function  of  sight  may  be  studied 
under  three  divisions:  (i)  Form  sense,  or  the  power  of  recognizing 
size  and  form;  (2)  light  sense,  or  the  inherent  faculty  of  the  visual 
apparatus  of  judging  variations  in  the  intensity  of  light;  and  (3) 
color  sense,  or  the  appreciation  of  the  difference  in  the  wave  lengths 
which  produce  the  sensation  of  color. 
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Form  Sense. — When  the  eye  fixes  a  small  luminous  point  or 
a  series  of  letters  properly  illuminated,  the  image  falls  upon  the 
foveal  region.  This  constitutes  direct  vision,  or  \isual  acuity. 
The  simultaneous  perception  of  surrounding  objects  is  indirect 
vision,  or  the  field  of  \ision. 

Visual  acuity  is  the  power  to  distinguish  the  form  and  size 
of  objects.  The  peripheral  portions  of  the  retina  can  imper- 
fectly determine  form  and  size,  hence  the  acuity  of  \*ision  and  the 
form  sense  are  practically  sjTionymous  terms.  The  visual  angle 
is  the  angle  made  by  two  lines  drawn  from  the  extremities  of  an 
object  to  meet  in  the  nodal  point.  The  smallest  visual  angle 
at  which  two  points  can  be  distinguished  from  each  other  repre- 
sents the  maximum  acuteness  of  vision.  The  image  of  an  object 
that  is  the  size  of  this  angle  may  be  considered  to  correspond 
approximately  the  diameter  of  a  retinal  cone. 


Fig.  8. — ^The  Visual  Angle  of  5  Minutes. 

Normal  visual  acuity  is  the  perception  of  objects  or  letters 
included  in  a  visual  angle  of  5  minutes  (one- twelfth  of  a  degree) 
at  any  distance.  Charts  constructed  upon  this  principle  are  em- 
ployed in  testing  vision,  the  letters  varj-ing  in  size  according  to 
the  distance  at  which  they  are  to  be  seen,  but  all  formed  upon 
the  5-minute  angle,  the  lines  of  the  letter  and  interval  between 
them  subtending  an  angle  of  i  minute. 

Testing  VisucU  Acuity. — The  patient  is  placed  at  a  given 
distance  (usually  6  meters,  or  20  feel)  from  a  lest  card  containing 
black  letters  on  a  white  background,  or  while  letters  on  a  black 
background,  printed  in  clear,  well-defined  type,  and  uniformly 
lighted  by  diffuse  daylight  or  by  artificial  means.  Each  eye  is 
tested  separately.  The  distance  of  6  meters  is  chosen,  because 
rays  of  light  entering  the  eye  from  a  5'-angle-letter  at  this  dis- 
tance have  so  little  divergence  that  they  may  be  considered  to  be 
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B  r 

N    H 
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pftfidlel.     A  greater  distance  is  not  available  in  the  examination 
room  of  many  oculists,     A  shorter  distance  than  4  or  5  meters 
renders  the  tests  unreliable,  as  they  are 
vitiated  by  the  action  of  the  accommoda- 
tion or  by  low  myopia. 

As  the  distance  of  the  chart  from  the 
eye  increases  beyond  6  meters,  the  letter 
increases  proportionately  in  size,  in  order 
to  be  included  between  the  two  sides  of 
the  angle  of  5  minutes.  A  letter,  the 
height  of  which  is  the  sine  of  the  angle  of 
5  minutes  at  6  meters,  measures,  from  the 
upper  margin  of  the  upper  stroke  to  the 
lower  margin  of  the  lower  stroke^  2  cm. 

In  testing  vision  of  iUiterate   persons^ 

and  those  who  are  unacquainted  with  the 

English  letters,  the  chart  shown  in  Fig*  10 

is  useful.     It  consists  of  the  block  letter  E 

in  various   positions,   and   is   constructed 

uix)n  a   5-minute  angle.      The  patient  is 

■  requested    to  indicate   the 

III  direction  of    the   arms  of 

■U  the  letten 

Expression  0}  Vision.^\'huR\  acuteness  is  nu- 

^1      III       merically  expressed  by  a  fraction,  the  numerator 

of  which  is  the  distance  of  the  line  read  from  the 

patient's  eye  and  the  denominator,  the  line  that  is 

read*     Thus: 


¥iii.  9. — GtJULLj's  Card 
FOR  Testing  Visl^al 
AcutTV. 


E  111  3 

E  3  ui  m 


Distanee  from  Card 


ui  a  £  m 


Line  Read 

If  at  6  m*  the  letters  composing  the  6  m.  line 
was  M  BK        ^^  ^j^^  ^^^^  ^^^j  ^^^  correctly  named,  V  ^  ^,  or  i. 

-,,^  -,,,       If  at  the  same  distance  the  lowest  line  read  h 

FIG.     TO. — It  LIT' 

E»,^TE     Tfsr    ihe  10  m.  line,  V  =  ^^  that  is,  the  patient  reads 
at  6  m,  the  letters  that  a  normal  eye  sees  at  10  m. 
If  the  patient  at  6  m,  can  distinguish  no  smaller  letter  than  the 
60  m.  line,  V  =  /^. 
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Vision  often  exceeds  the  normal  acuity  of  the  5'  test  types, 
and  equals  f  or  even  f .  Charts  have  therefore  been  constructed 
with  the  letters  subtending  an  angle  of  4  minutes.* 

If  no  letter  on  the  test  card  can  be  seen  at  6  m.  the  patient 
approaches  the  card.  The  greatest  distance  that  the  largest  letter 
can  be  named  is  then  the  numerator  of  the  fraction.  If  at  3  m. 
and  the  letter  read  is  the  60  m.  line,  V  =  ^.  Inability  to  dis- 
tinguish the  letters  requires  other  tests.  Thus,  counting  fingers 
at  I  m.  or  i  m.  Should  form  sense  be  tost,  light  sense  (light 
perception)  remains  to  be  determined. 

Light  sense  is  the  facuhy  of  the  retina  and  the  cerebral  cen- 
ters to  perceive  different  degrees  of  light.  The  differentiation  of 
intensity  is  known  as  light  difjerence,  and  the  appreciation  of  the 
lowest  degree  of  illumination  is  light  minimum.  Clinically,  the 
estimation  of  the  light  sense  is  rarely  made,  although  in  beginning 
disease  of  the  optic  nerve  and  retina  it  is  of  importance.  The  test 
may  be  made  by  finding  the  visual  acuity  of  each  eye  under  differ- 
ent degrees  of  intensity  of  illumination,  and  comparing  the  result 
with  the  findings  of  a  similar  test  in  the  case  of  an  individual  wath 
normal  eyes  under  the  same  intensity  of  light.  The  difference 
from  the  normal  will  indicate  the  amount  of  depreciation  of 
the  light  sense.  A  more  scientific  method  is  by  means  of  a  pho- 
tometer. 

Light  Perception. — If  letters  cannot  be  recognized  or  fingers 
counted  at  any  distance,  light  perception,  or  the  power  to  dis- 
tinguish between  light  and  darkness,  is  to  be  tested.  A  conve- 
nient method  is  to  alternately  turn  on  and  off  the  light  which  the 
patient  faces  in  a  darkened  room,  or  the  rays  from  a  gas  burner 
or  electric  lamp  may  be  reflected  into  the  eye  by  a  mirror. 

Light  Projection  includes  both  the  recognition  of  light  and  the 
position  of  the  source  of  light.  In  a  dark  room  the  eye  to  be  tested 
steadily  fixes  a  candle,  while  another  lighted  candle  is  carried  into 
different  portions  of  the  field  of  vision,  and  the  patient  requested 


♦  Jackson  and  others  have  suggested  an  angle  of  4  minutes  for  test  letters. 
Such  letters,  they  claim,  measure  the  average  acuity  of  the  human  eye  in  good, 
steady,  dilTused  daylight,  comi)Uted  from  many  trials  in  healthy  emmetropic  in- 
dividual. 


COLOR  SENSE.  27 

to  state  the  direction  of  the  second  light.  \\Tiile  mo\'ing  the  second 
candle,  the  light  is  shielded  to  prevent  the  eye  from  judging  of  the 
new  position  of  the  candle  by  following  the  mo\nng  light. 

Inability  to  see  the  second  light  in  a  part  of  the  field  indicates 
disease  of  the  fundus  or  of  the  \isual  centers.  Should  the  candle 
flame  upon  which  the  eye  is  fixed  appear  less  brilliant  or  be  seen 
with  greater  diflSculty  than  the  second  light,  disease  limited  to  the 
macular  region  or  to  the  papillo-macular  bundle  of  fibers  of  the 
optic  nerve  may  be  presumed. 

Color  sense  is  the  faculty  of  the  retina  of  perceiving  the  dif- 
ference in  the  wave  lengths  of  light  which  give  the  impressions  of 
color.  It  constitutes  one  of  the  most  important  subdi\'isions  of 
the  sense  of  sight.  Its  determination  is  of  particular  value  in  the 
case  of  railroad  engineers  and  steamship  oflScers,  by  whom  the 
correct  and  prompt  recognition  of  color  signals  safeguards  the 
traveling  public. 

Tests  for  Color' Perception. — ^The  principal  tests  are  founded 
on  the  Holmgren  wool  test.  The  indi\'idual  under  examination 
selects  from  a  collection  of  different  colored  worsted  yams  all  that 
most  nearly  match  a  test  skein.  The  worsted  test  is  now  employed 
by  the  large  railroads  of  the  world,  but  many  examiners  supple- 
ment the  examination  with  the  lantern.  The  lantern  test  is  more 
acceptable  to  railroad  employees  as  approaching  the  actual  con- 
ditions met  with  in  their  work.  (The  theories  and  tests  for  color 
blindness  are  considered  in  the  Appendix.) 

The  Field  of  Vision  is  the  \'isible  area  of  space  extending  from 
the  fixation  point  in  all  directions.  Its  periphery  is  defined  by 
the  conformation  of  the  bones  of  the  orbital  margin,  the  nose,  and 
the  position  of  the  eye  in  the  orbit.  The  extent  of  the  visual  field 
determines  the  perceptive  qualities  of  the  peripheral  portions  of 
the  retina  and  the  centers  governing  them. 

Perimetry. — ^To  hastily  determine  the  approximate  size  of  the 
field,  the  patient  is  seated  opposite  the  examiner  and  fixes  his  gaze 
upon  the  examiner's  eyes  about  J  m.  distant.  The  latter  moves 
his  fingers  in  various  portions  of  the  visual  field,  and  thus  com- 
pares the  patient's  field  with  his  own  normal  field.  Special 
forms  of  instruments,  known  as  perimeters,  are  employed  for 
accurate  examination  of  the  visual  field. 
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Several  patterns  of  perimeters  are  used,  from  a  simple  design 
to  the  self' registering  instrument  of  McHardy.  One  deiised  by 
Sweet  is  adapted  to  the  electric  light. 

The  essential  features  of  all  perimeters  consist  of  a  chin  rest 
situated  33  cm.  from  a  smail  white  spot  at  the  center  of  the  metal 
arc,  a  carrier  for  the  test  object,  and  a  support  for  the  recording 
chart.  The  eye  fixes  the  central  spot,  while  the  test  object,  2,  5^ 
or  10  mm.  in  size,  is  moved  from  the  periphen^  to  the  center,  and 
the  point  on  the  graduated  arc  noted  at  which  the  eye  first  recog- 
nizes the  object.  This  is  repeated  at  various  meridians,  eight 
peripheral  points  usually  being  t^ufficieni   to  outline  the  lield. 


Fig.  II.— Th^  McHarov  Self-recoeding  PERiMETEm* 


The  points  on  the  chart,  joined  by  a  continuous  line,  outline  an 
area  similar  to  that  shown  in  Fig.  13.  Approximately  the  limits 
of  the  normal  field  are  50**  above,  60"^  to  the  nasal  side,  70"^  below, 
and  90**  to  the  temporal  side,  A  blackboard  ruled  in  squares  is  a 
convenient  perimeter.  The  delineation  of  the  normal  field  on 
the  plane  surface  is  quite  different  from  that  of  the  arc  perimeter, 
but  equally  reliable.  Each  eye  is  measured  separately,  the  eye 
not  under  examination  being  covered  by  a  hght  bandage*  The 
patient  is  seated  with  his  back  to  the  window  and  the  perimeter 
is  illuminated  by  daylight.     In  determining  the  limits  of  the  form 
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to  be  reliable  may  have  to  be  repeated.  The  retina  soon  becomes 
exhausted,  and,  as  the  apparent  limits  of  the  field  depend  upon  the 
patient's  observation  and  intelligence,  allowance  should  be  made 
for  personal  peculiarities.  The  fovea  is  the  most  sensitive  and 
receptive  portion  of  the  retina.  Upon  it,  and  in  its  neighborhood, 
falls  the  image  of  the  object  toward  which  the  gaze  is  directed. 
If  the  retina  is  conceived  as  consisting  of  concentric  circles  with 
the  yellow  spot  as  the  center,  the  acuity  of  vision  becomes  less  as 
the  circles  approach  the  periphery.    Were  the  nasal  field  not 


Fig.  14. — Normal  Field  of  Vision  of  the  Right  Eye  for  White  and  Three 

Colors. — {Pick.) 


restricted  by  the  nose,  and  the  upper  and  lower  fields  by  the  roof 
and  floor  of  the  orbit,  the  entire  circumference  would  be  equal  to 
a  hemisphere,  or  even  greater  than  a  hemisphere. 

Visual  Field  for  Colors. — The  color  fields  arc  smaller  than 
the  white,  but  similar  in  outline.  Bonders  and  Landolt  have 
shown  that  the  retinal  periphery  is  pcrcei)tive  of  colors  provided 
the  intensity  of  the  color  be  suflicient.  The  tests  are  usually 
made  for  blue,  red,  and  green,  and  are  conducted  exactly  as  the 
test  for  white.  An  objection  to  testing  for  color  by  the  perimeter 
is  that  familiarity  with  the  color  will  lead  the  patient  into  mis- 
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taking  it  for  the  carrier.    For  the  sake  of  accuracy,  prolonged 
testing  should  be  avoided. 

The  Binocular  Field. — A  part  of  the  field  for  each  eye  is 
common  to  both  eyes  (Fig.  15).  With  the  gaze  directed  forward,  the 
major  part  of  each  field,  including  all  of  the  nasal,  the  fixation 
point,  and  a  part  of  the  temporal  fields,  is  superimposed  or  over- 
laps. The  remaining  portion  of  the  temporal  fields  belongs  to 
each  eye,  respectively.  Objects  included  in  the  binocular  field 
are  seen  by  both  eyes  simultaneously.  They  make  identical 
impressions  on  each  retina,  but  do  not  give  exactly  the  same  con- 
ception to  the  cerebral  centers,  because  of  the  slightly  different 


Fig.  15.— The  Binocular  Field  of  Vision-.    The  red  line  =  R.  E.;  blue  line  = 

L.  E.—{Fick.) 


direction  of  the  line  of  vision  of  each  eye.  Conception  of  dimen- 
sions and  form  and  the  relation  of  objects  to  each  other  are  more 
accurate  in  the  binocular  than  in  the  monocular  field. 

Scotoma. — Any  area  included  in  the  visual  field  in  which  a 
white  or  colored  test  object  cannot  be  seen  is  known  as  a  scotoma. 
It  is  absolute  when  for  white  and  colors,  and  relative  when  limited  to 
colors;  positive  when  the  patient  is  conscious  of  a  dark  spot  in  the 
field,  and  negative  when  a  defect  exists  in  the  field  of  which  the 
patient  is  unconscious.  Scotomata  are  further  subdivided  into 
central,  peripheral,  paracentral,  and  ring. 

The  perimeter  is  not  suitable  in  all  instances  for  measuring 
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accuratfly  teniral  k><>  i:»f  'vision,  or  rtiHtriLl  s^rcoTiia,  because  the 
fixation  yoim  is  incJuded  ir  the  >r:>:om£^  Tliis  necessitates 
eccentric  nxation.  or  nxauon  by  ^n  rxiri-foreaJ  ponion  of  the 
retina.  The  size  of  a  scc>:onia  iDcreiises  T»roi»onionaiely  \iith 
distance,  and  may  be  measured  a:  one  or  r3c»rt  meters  by  large 
disks.  Harlan  has  propc»sed  tha:  the  forn:  and  size  of  the  scotoma 
should  be  ascertained  by  a  series  of  concentric  drdes  dra'WTi  on 
j/aper  or  blackboard.  The  nrs:  circle  :hi:  can  be  seen  outside 
of  the  bb'nd  regic>n  measures  the  limi:  of  :br  scc»:oma,  and  will  be 
relatively  larger  than  the  pathologic  blini  spot. 

Central  Color  Scotoma  RelatiTe  Scotoma  . — Colors  are  not 
perceived  by  the  patient  at  or  near  :hr  ixaiion  fK>int,  but  are 
seen  in  other  portions  of  the  ccJor  relds.  As  the  carrier,  moved 
from  the  periphery-  inward,  comes  :o  wi:h:n  ic  or  15  degrees  of 
the  fixing-point  the  color  which  had  already  been  recognized  at 
its  normal  peripheric  limit  is  lost.  The  color  appears  gray,  while 
the  tebt  object  itself  is  still  clear.  Central  relauve  scotoma  is  a 
sign  of  certain  low  grades  of  optic  neuritis  due  to  absorption  of 
toxic  agents.  Measurements  of  scotoma  should  be  made  with  test 
objects  from  2  to  4  mm.  in  size.  The  color  object  must  be  of 
standard  saturation,  illuminated  by  diffuse  daylight,  and  exposed 
in  front  of  a  dark  and  uniform  background. 

Physiologic  Scotoma  Mariotte's  Blind  Spot  . — The  optic 
papilla  is  not  exactly  at  the  posterior  extremity  of  the  optic  axis, 
but  at  a  variable  distance  to  the  nasal  side.  It  is  incapable  of  per- 
( eplion  of  light,  since  it  has  no  retinal  elements  other  than  the 
ojilic  nerve- fibers,  and  is  therefore  responsible  for  a  defect  or  blind 
•spot  in  the  field,  about  1 5  degrees  to  the  temporal  side  and  slightly 
l>clow  the  fixation  point. 

The  '*  relative  blinrl  spot,''  or  a  zone  of  relative  blindness,  first 
described  by  Hjerrum,  surrounds  the  absolute  scotoma.  The 
relative  zone  }>robably  corresponds  to  that  part  of  the  retina  in 
contact  with  the  paj^illa,  and  is  rendered  partly  inactive  by  the 
nerve  Jibers,  which  are  here  denser  than  at  other  parts  of  the  retina. 
The  size  of  the  blind  spot  is  much  greater  in  high  myopia  than  in 
emnietropia  or  liy|;(To|>ia,  because  of  the  atrophy  of  the  choroidal 
inal  tissues  surrounding  the  optic  papilla,  the  so-called 
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posterior  staphyhmu.    In  healthy  eyes,  of  normal  or  abnormal 
refrartinn^  the  sixe  and  shape  show  considerabk  variation.* 

Accommodation. — The  function  of  the  ciliary  muscle,  both 
radiating  ami  circular  fibers,  is  to  increase  the  convexity  of  the 
lens  by  lengthening  its  antero-posterior  axis.  The  suspensory 
ligament  of  Uie  lens  is  relaxed,  and  Uie  lens  by  its  own  elasticity 


Fig.  t6.— Cha!^ge  in  the  CuRVAXUKt.  ot  int.  Llns  in  Accomaiodation  accohp- 
IKO  TO  THE  ThEorV  OF  UEL^mOLTZ.— {Modified  frtfm  LandolL) 


becomes  more  spherical  (Hchnhollz)*  Tscherning  believes  that 
the  increase  of  the  curvature  of  the  lens  is  central  only,  and  that 
the  periphery  is  more  flattened.    The  refraction  of  the  dioptric 


*  The  size  of  the  blind  area  of  the  field  is  in  part  dependent  upon  the  Mlen- 
tion  of  the  pationt,  and  whether  the  observer  measures  from  the  point  of  dis* 
appearance  of  the  test  object  as  brought  from  the  peripbery  of  the  field  toward 
the  center  of  the  spot  or  in  the  opposite  direction. 
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Fig.  i7.~Theoryof 

ACCX)MM0DATI0N 

According    to 

TSCHERNING. 


media  is  thus  increased,  and  the  eye  is  adapted  to  the  focusing  of 
divergent  rays,  or  those  proceeding  from  points  inside  of  infinity. 
The  near  point  (punctura  proximum,  p,p,) 
is  the  nearest  point  at  which  fine  type  can  be 
read  for  an  instant.  Its  distance  from  the  eye 
depends  upon  the  refraction  of  the  eye  and 
upon  the  power  of  accommodation. 

The  jar  point  (punctum  remotum,  p,r.) 
is  the  farthest  point  from  the  eye  from  which 
diverging  rays  are  focused  on  the  retina. 

The  range  of  accommodation  is  the  distance 
between  the  near  and  far  points.  The  power 
or  amplitude  of  accommodation  is  the  differ- 
ence in  the  refractive  power  of  the  eye  when 
accommodated  for  its  near  point  and  its  far 
point.  Thus,  A  =  P  —  R,  in  which  A  =  ac- 
commodation, P  =  the  refraction  of  the  eye 
when  adapted  to  p.p.,  and  R  the  refraction 
of  the  eye  when  adapted  to  the  p.r.  For 
example,  in  emmetropia,  if  p.p.  is  at  lo  cm.,  P  =  lo  D;  and  p.r. 
is  at  infinity,  R  =  o.  Then  A  =  lo  —  o,  or  lo  D.  In  myopia, 
if  p.p.  is  at  lo  cm.,  P  =  lo  D ;  and  p.r.  is  at  25  cm.,  R  =  4  D.  Then 
A  =  10  —  4,  or  6  D.  In  hyperopia,  if  p.p.  is  at  25  cm.,  P  =  4  D, 
and  p.r.  is  negative, — 20  cm.  (situated  at  the  point  behind  the  eye 
at  which  the  rays  converge),  R  =  —  5  D.  Then  A  =  4  —  ( — 5  D), 
or  9  D. 

Relative  Accommodation  and  Convergence. — Accommo- 
dation and  convergence  bear  a  constant  relation  to  each  other 
within  the  limits  of  the  range  of  accommodation  on  the  one  hand 
and  the  range  of  convergence  on  the  other.  Thus,  with  the  visual 
lines  parallel,  accommodation  without  convergence  may  be  deter- 
mined by  placing  before  the  eyes  concave  glasses  of  constantly 
increasing  strength  beginning  with  .50  D.  The  strongest  glass 
that  can  be  overcome,  vision  always  J|,  is  the  measure  in  diopters 
of  the  acxommodation  that  can  be  exercised  in(lej)en(iently  of 
convergence.  Relative  or  negative  convergence,  or  convergence 
without    accommodation,    may    be   estimated    by    i)risms.     The 
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strongest  prism,  angle  in,  through  which  binocular  vision  is  main- 
tained at  6  m.  is  the  prism  measure  of  the  relative  or  negative 
convergence. 

Convergence. — ^The  visual  axes  directed  at  a  point  6  m.  dis- 
tance may  be  considered  to  be  parallel.  Transference  of  fixation 
from  infinity  to  a  nearer  point  requires  inward 
rotation  of  the  eyes  and  convergence  of  the 
visual  lines.  The  inward  rotation  of  the  visual 
axes  forms  the  angle  of  convergence  at  their 
point  of  crossing  a  line  perpendicular  to  the  cen- 
ter of  the  basal  line. 

Meter  Angle  of  Convergence. — The  degree 
of  convergence  of  the  visual  line  at  one  meter 
distance  is  taken  as  the  unit  of  measurement, 
and  forms  i  meter  angle  of  convergence.  The 
fixation  of  an  object  50  cm.  distant  demands 
twice  the  convergence,  or  2  meter  angles;  at  J 
meter,  3  meter  angles. 

Owing  to  the  harmonious  relation  existing  in 
cmmetropia  between  accommodation  and  con- 
vergence, the  expression  of  the  degree  of  con- 
vergence in  meter  angles  conveys  with  it  the 
information  as  to  the  degree  of  accommodation 
simultaneously  active,  since  i  D  of  accommoda- 
tion means  also  i  meter  angle  of  convergence,  2  D  of  accommo- 
dation 2  meter  angles,  etc.     In  ametropia  the  relation  is  disturbed. 


^M}9imm 
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Fio.  18. — Meter 
Angles  of 
Convergence. 


Angle  Gamma  is  the  angle  formed  by  ihe  line  of  fixation  with  the 
optic  axis.  Its  practical  importance,  in  addition  to  its  value  in  the 
theoretical  consideration  of  the  dioptric  media,  is  in  the  apparent  devia- 
tion of  the  two  visual  lines  producing  a  convergence  or  divergence  which 
seems  pathologic.  Thus,  a  plus  angle  gamma  would  give  the  appear- 
ance of  divergence;  and  a  minus  angle,  convergence,  of  the  visual  axes. 
In  other  words,  when  the  optic  axis  is  to  the  temporal  side  of  the 
line  of  fixation  the  angle  is  f)ositive,  and  negative  when  to  the  nasal  side. 

Angle  Alpha  is  the  angle  made  by  the  axis  of  the  greater  ellipsoid 
of  the  cornea  at  its  crossing  with  the  visual  line. 

The  optic  axis  is  a  line  which  passes  from  the  anatomic  or  geo- 
metric center  of  the  fundus  through  the  center  of  rotation  of  the  ball 
and   terminates  at  the  anatomic  center  of  the  cornea.     The  anterior 
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focus  is  the  point  al  which  rays  of  light,  parallel  within  the  ball  and 
originating  at  the  fundus,  are  focused  after  they  emerge  from  the  cornea. 
Its  distance  from  the  apex  of  the  cornea  depends  upon  the  curve  of  the 
cornea  and  its  index  of  refraction,  as  compared  with  that  of  other  re- 
fractive media  of  the  globe,  or  the  point  from  which  rays  emanate  that 
are  parallel  after  refraction  by  the  cornea.  In  emmetropia  the  average 
distance  is  13.5  m.  (anterior  focal  distance). 

The  posterior  focus  is  the  point  on  the  retina  from  which  rays 
emanate  that  become  parallel  after  they  are  refracted  by  the  cornea,  or 
to  which  rays  parallel  in  front  of  the  cornea  *  are  converged. 

The  nodal  points  are  two  points  on  the  principal  axis,  so  situated 
that  rays  directed  toward  the  first  seem  to  come  from  the  second  point 


Fig.  19. — Angles  Alpha  and  Gamma.  M,  the  center  of  rotation;  K',  K",  the 
nodal  jx)ints;  A  A',  optic  axis;  O  F,  visual  line;  O  M,  line  of  fbcation;  E  L, 
greater  axis  of  corneal  ellipse.  O  M  A,  the  angle  gamma,  is  formed  by  the 
junction  of  the  line  of  fixation  with  the  optic  axis,  and  nearly  equals  the  angle, 
O  X  A,  formed  by  the  visual  line  with  the  optic  axis.  Since  the  two  angles 
nearly  correspond,  the  angle,  O  X  A,  may  be  considered  to  be  the  angle 
gamma.  The  angle  O  X  Kf  the  angle  alpha,  is  formed  by  the  \'isual  line 
with  the  summit  of  the  corneal  cur\'e,  E. — (After  LandoU.) 


after  refraction,  and  to  take  a  direction  parallel  to  that  which  they  had 
at  first. 

Center  of  rotation  is  an  imaginary  point  in  the  vitreous,  situated 
about  14  mm.  back  of  the  cornea,  around  which  the  eyeball  revolves 
so  as  to  bring  the  line  of  fixation  into  the  direction  of  the  object  fixed, 
the  image  of  which  falls  upon  the  fovea. 

Point  of  fixation^  the  object  fixed,  the  rays  from  which  are  focused 
upon  the  fovea. 

The  visual  line  is  the  line  from  the  point  of  fixation  to  the  anterior 
nodal  point.  Practically,  the  line  is  extended  backward  to  the  fovea, 
the  two  nodal  points  being  considered  coincident. 

Line  of  fixation  runs  from  the  center  of  rotation  to  the  point  fixed. 


♦"Cornea"  is  here  used  to  designate  the  refractive  me<lia  of  the  eye. 
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Retinal  Image. — ^The  size  of  the  retinal  image  depends  upon 
the  size  of  the  object  and  the  distance  of  the  nodal  point  from 
the  object  and  from  the  retina.  It  is  modified  by  the  state  of 
refraction,  larger  in  myopia,  smaller  in  hj'peropia. 

Movements  of  the  Eyeballs. — In  equilibrium  of  the  ex- 
ternal ocular  muscles  the  image  of  an  object  toward  which  the 
visual  axes  are  directed  is  formed  upon  the  fovea  of  each  eye,  the 
brain  fusing  the  two  images  into  a  single  mental  conception. 
This  is  obtained  without  any  undue  stimulation  of  any  single 
muscle  or  set  of  muscles,  and  the  function  of  the  two  eyes  is  carried 
on  as  though  visual  impressions  were  received  by  one  eye  only. 
All  departures  from  the  normal  relations  of  the  two  eyes  may  be 
studied  under  two  heads : 

1.  Actual  demotion  of  one  visual  line  from  that  of  its  fellow, 
which  may  be  (a),  manifest  at  all  times,  in  whatever  direction  the 
eyes  are  turned,  and  includes  all  forms  of  concomitant  squint;  or 
(6),  manifest  only  when  the  eyes  are  rotated  in  certain  directions, 
and  comprise  partial  or  complete  paralysis  of  one  or  more  of  the 
external  muscles. 

2.  A  tendency  to  deviation  of  the  visual  line  of  one  eye  from  that 
of  the  other.  One  set  of  muscles  is  relatively  stronger  than  the 
group  opposing  it.  The  tendency  becomes  manifest  when  the 
image  of  one  eye  is  so  artificially  changed  that  there  is  no  longer 
a  stimulus  for  the  brain  to  fuse  the  two  dissimilar  images,  and  the 
eyes  take  the  position  of  greatest  comfort.  The  latent  muscular 
defects  include  the  heterophorias,  or,  as  they  were  formerly  de- 
scribed, insufficiencies  of  the  ocular  muscles. 

Tests  for  Manifest  Deviations. — An  actual  turning  of  one 
\'isual  line  from  that  of  the  other,  unassociated  with  diplopia, 
or  double  \'ision,  is  indicative  of  a  functional  muscular  anomaly. 
By  alternately  covering  and  uncovering  each  eye,  the  deviation, 
or  squint,  is  transferred  from  one  eye  to  the  other,  and  there  is  no 
limitation  in  the  power  of  rotation  in  any  direction. 

Limited  rotation  of  one  or  both  eyes  in  any  given  direc- 
tion, associated  with  diplopia,  indicates  a  partial  or  complete 
paralysis  of  one  or  more  of  the  ocular  muscles.  When  a  patient 
with  double  vision  looks  at  a  candle  flame  at  anv  convenient  dis- 
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tance,  say  6  m.,  an  image  of  the  flame  will  be  formed  on  the  fovea 
of  the  eye  the  \isual  axis  of  which  is  directed  toward  the  flame, 
and  upon  the  extra-foveal  region  of  the  other  eye.  Its  relative 
position  and  distance  from  the  true  image  will  give  the  character 
and  degree  of  the  diplopia. 

Muscular  Balance  or  Imbalance. — One  eye  may  seem  to 
deviate  from  its  fellow  because  of  peculiarities  of  the  orbits, 
want  of  symmetry  of  the  face  or  lids,  or  a  positive  or  negative 
angle  gamma.  Observation  of  the  apparent  position  of  the  eyes 
in  their  relation  to  each  other  is  not  always  reliable.  A  correct 
diagnosis  is  made  only  by  instruments  of  precision,  which  deter- 
mine with  accuracy  the  kind  and  degree  of  diplopia.  By  means 
of  colored  glasses  and  prisms,  real  or  manifest  deviations  or  ten- 
dencies to  deviations  that  may  exist  are  readily  discovered. 

Tests  for  Latent  Deviations. — The  tests  for  functional  or 
non-paralytic  tendencies  to  deviation  are  based  upon  the  prin- 
ciple of  the  temporary  and  artificial  abolition  of  the  power  of 
fusion.  Since  the  two  eyes  functionate  as  one,  abnormal  strength 
of  one  group  of  muscles  or  weakness  of  the  opi)onents,  inherently 
or  by  stimulation,  results  in  undue  effort  of  the  coordinating 
power  to  insure  parallelism  of  the  visual  axes.  Should  the  image 
of  one  eye  be  distorted  or  changed  from  that  of  its  fellow,  the  desire 
for  fusion  is  abrogated.  Numerous  methods  may  be  employed  to 
hold  in  abeyance  the  fusion  power,  and  thus  to  make  manifest  a 
latent  deviation.  The  most  poi)ular  are  the  prism  displacement 
test,  or  the  induction  of  double  vision  by  prisms,  and  the  Maddox 
rod  and  cobalt  tests,  both  of  which  distort  the  image  of  one  eye. 
The  images  by  these  tests  are  doubled  or  changed,  and  their  mutual 
relations  indicate  unerringly  a  deviation  of  the  ocular  axes.  The 
determination  of  the  relative  strength  of  the  respective  groups  of 
the  extraocular  muscles  by  their  power  of  overcoming  prisms 
should  be  made  the  routine  of  practice  in  all  cases  of  asthenopia. 
(Full  details  of  the  tests  for  muscular  defects  will  be  found  in 
chapter  xvi.) 

Palpation. — The  object  of  palpation  is  to  learn  the  degree 
of  intraocular  pressure  in  an  eye  suspected  to  be  diseased,  as 
compared  with  that  of  an  eye  known  to  be  healthy.     By  alternate 
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pressure  and  relaxation  with  the  index-finger  of  each  hand  against 
the  sclera  through  the  closed  upper  lid,  the  firmness  and  resistance 
of  the  ball  are  learned.  The  accuracy  of  the  information  thus 
obtained  is  largely  a  matter  of  experience.  Special  instruments 
known  as  tenometers  may  be  used,  but  they  are  probably  no  more 
accurate  than  the  educated  finger-tips. 

The  influence  of  the  tarsus  in  concealing  or  modifying  the  real 
tension  of  the  globe  is  avoided  when  the  patient  looks  downward. 
The  sensation  imparted  to  the  fingers  differs  from  that  of  an  abscess 
or  a  serous  sac.  The  ball  normally  yields  to  slight  pressure,  but 
the  sensation  of  transmission  of  fluid,  imparted  by  a  serous  sac, 
is  scarcely  the  same.  The  fluids  of  the  eye  are  probably  only 
slightly  changed  in  their  position,  if  at  all,  by  palpation.  The 
resistance  comes  in  part  from  the  sclera,  a  tough  and  but  slightly 
elastic  membrane,  and  from  the  relation  of  the  size  of  the  ball  to 
its  contents.  Normal  tension  is  designated  by  the  sign,  Tn. 
Deviations  from  the  normal  arc  expressed  by  the  terms  T  -f  i, 
T  -f  2,  T  -h  3,  T-—  I,  T  — 2,  T  — 3.  T  4-  I  designates  re- 
sistance that  is  slightly  above  the  normal;  T  -f  2,  a  ball  that  is 
unmistakably  hard;  and  T  -f  3,  one  of  stony  hardness;  T  —  i,  an 
eye  softer  than  normal;  T  —  2,  one  almost  soft;  and  T  —  3 
decidedly  soft,  offering  the  least  resistance  to  pressure.  T  +  ? 
and  T  —  ?  express  doubtful  alteration  in  the  resistance. 

Mydriatics,  Myotics,  and  Anesthetics. 
Mydriatics. — A  mydriatic,  strictly  speaking,  is  a  drug  which 
will  by  internal  administration  or  topical  application  dilate  the 
pupil.  Paralysis  of  the  ciliary  muscle  (cycloplcgia)  is  not  neces- 
sarily involved  in  mydriasis,  but  a  mydriatic  in  the  sense  com- 
monly used  in  ophthalmology  effects  both  dilatation  of  the  pujnls 
and  paralysis  of  accommodation.  Dr()j)pcd  into  the  conjunctival 
sac,  it  paralyzes  the  terminal  motor  and  stimulates  the  sympa- 
thetic nerves,  contracting  the  blood-vessels  in  the  iris  and  ciliary 
muscle,  and  has  but  little  constitutional  effect.  By  thus  forcing 
out  of  the  eye  a  portion  of  its  blood,  the  intraocular  tension  is 
lowered.  (This  statement  is  apparently  contradictory  to  the  exj^e- 
rience  that  a  mydriatic  will,  in  eyes  predisposed  to  glaucoma,  in- 
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duce  an  acute  attack,  but  is  really  not  so,  as  the  increased  tension  in 
these  cases  is  a  direct  result  of  dilatation  of  the  pupil  and  the  block- 
ing of  the  excretory  passages  in  the  angle  of  the  anterior  chamber.) 

Purposes  of  Mydriatics. — A  mydriatic  is  used  in  ophthal- 
mology for  three  purposes:  (i)  To  relieve  ciliary  spasm  in 
inflammatory  affections  and  to  prevent  or  break  off  adhesions 
between  the  iris  and  lens  capsule;  (2)  to  permit  examination  of 
the  lens,  vitreous,  and  fundus  with  the  ophthalmoscope;  (3)  as  a 
cycloplegic  to  induce  paralysis  of  the  accommodation  in  order  to 
determine  the  static  refraction  of  the  eye  and  to  subdue  retinal  and 
choroidal  irritation  in  ametropia.  For  ophthalmoscopic  exami- 
nation, paralysis  of  the  accommodation  is  unnecessarj'  and  should 
be  avoided.  For  refraction,  dilatation  of  the  pupil  is  an  unavoid- 
able complication.  It  is  objectionable,  because  we  are  compelled 
to  consider  in  our  results  the  extra- visual  zones  of  the  cornea  and 
lens,  which  have  a  different  refraction  from  that  of  their  pupillarj' 
area,  the  only  part  that  we  desire  to  correct. 

Mydriatic  Drugs  (for  dilatation  of  the  pupil  only). — These 
include  euphthalmin,  ephcdrin,  mydrin,  cocain,  and  weak  solu- 
tions of  the  alkaloids  employed  in  paralyzing  the  accommodation. 
Euphthalmin  hydrochlorate,  an  active  mydriatic  in  5  to  10  per 
cent,  solutions,  produces  full  dilatation  in  about  twenty  minutes, 
disappearing  in  five  or  six  hours.  Its  cycloplegic  action  is  slight. 
Ephedrin  hydrochloraiCy  in  10  per  cent,  solution,  produces  mydri- 
asis in  forty  to  sixty  minutes,  and  persists  from  five  to  twenty  hours. 
MydriKy  a  combination  of  ephcdrin  and  homatropin,  in  very  small 
doses,  and  cocain,  in  i  per  cent,  solution,  are  also  available. 

Cycloplegics. — ^The  drugs  commonly  used  for  ciliary  paral- 
ysis to  aid  in  the  determination  of  refractive  errors  are  atropin 
sulphate  (gr.  iv  to  5j);  homatropin  hydrobromate  (gr.  j  to  3j); 
and  scopolamin  (gr.  ss  to  5j).  These  dnigs  differ  from  one 
another  in  the  time  required  to  bring  the  eye  under  their  influence 
and  in  the  duration  of  their  effects  upon  the  iris  and  ciliar}-  body. 

The  effect  upon  vision  of  a  cycloplegic  should  be  explained 
to  a  j)atient.  It  causes  blurring  of  both  near  and  distant  \'ision, 
and  inability  to  read,  sew,  and  do  other  near  work.  The 
patient  should  be  instructed  to  protect  the  eyes  from  light  by  dark 
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glasses  or  by  a  thick  veil.  In  persons  susceptible  to  belladonna, 
or  in  symptoms  of  poisoning,  the  use  of  the  drug  should  be  stopped. 
It  may  even  be  necessary  to  resort  to  the  physiologic  antidotes  of 
belladonna. 

Atropin  Stdphaie, — In  ten  to  twelve  minutes  after  one  drop 
of  the  solution  has  been  instilled  into  the  conjunctival  sac  the  pupil 
commences  to  dilate,  and  in  thirty  minutes  has  reached  its  maxi- 
mum. In  twenty-five  to  thirty  minutes  the  accommodative  power 
begins  to  decline,  and  is  entirely  lost  in  about  one  and  one-half 
hours.  The  paralysis  is  complete  for  about  forty-eight  hours,  the 
full  power  of  accommodation  returning  in  about  seven  days. 
Unless  properly  applied,  in  persons  under  thirty  years,  one  drop 
of  the  solution  will  not  produce  complete  cycloplegia.  A  second 
drop  in  half  an  hour  is  advisable.  To  avoid  constitutional  symp- 
toms, which  occasionally  follow  the  instillation,  the  lower  lid  should 
be  everted  to  prevent  the  solution  from  passing  into  the  lower 
punctum  and  through  the  nasal  duct  to  the  posterior  pharynx. 
The  symptoms  of  poisoning  are  those  common  to  all  the  Solanacece 
— flushing  of  face,  dryness  of  skin  and  throat,  bounding  pulse, 
dizziness,  delirium,  and  loss  of  coordination. 

Hamatropin  hydrobromate  has  the  advantage  over  atropin  of 
quicker  paralysis  and  more  speedy  return  of  accommodation. 
One  drop  of  the  solution  instilled  every  ten  minutes  for  one  hour 
causes  complete  paralysis  of  accommodation  fifteen  minutes  after 
the  last  application.  The  accommodation  remains  in  abeyance 
for  about  two  hours,  returning  in  about  thirty  hours. 

Scopolamin  hydrobromate  is  more  powerful  and  more  toxic 
than  atropin.  Two  instillations  of  a  yV  per  cent,  solution,  at  twenty 
minute  intervals,  paralyze  the  ciliar}-  muscles  in  one  hour.  The 
accommodation  returns  in  four  days. 

Duboisin  sulphate  is  more  toxic  than  atropin.  One  drop  of 
the  solution  (gr.  ij  to  5j)  paralyzes  the  accommodation  in  from 
thirty  to  forty-five  minutes.  The  paralysis  remains  at  its  maxi- 
mum for  about  twelve  hours,  then  declines,  and  disappears  in  four 
days. 

Use  of  Mydriatics. — The  clinical  use  of  mydriatics  may  be 
thus  stated : 
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1.  For  purposes  of  examination:  Euphthalmin  or  homatropin 
hydrobromate.  (C.  A.  Wood  recommends  homatropin  disks,  each 
containing  yuttt  g^O-  ^lany  oculists  use  cocain,  but  it  is  less 
satisfactor)'  because  of  the  slowness  of  the  action  and  possible 
desquamation  of  the  cornea. 

2.  For  the  treatment  of  inflammatory  affections :  Atropin  sul- 
phate, gr.  ij  to  gr.  iv  to  the  ounce.  Long-continued  use  of  atropin 
induces  a  chronic  hyperemia  and  enlargement  of  the  follicles  of 
the  conjunctiva,  readily  relieved  by  a  cessation  of  the  atropin  and 
by  simple  astringents. 

3.  For  estimation  of  refraction  in  persons  under  thirty-five 
years  of  age,  except  for  children,  for  whom  atropin  is  preferable, 
duboisin  sulphate,  gr.  ij  to  the  ounce,  or  scopolamin,  -^  per  cent, 
solution. 

4.  For  estimation  of  refraction  in  persons  between  thirty-five 
and  fifty  years  of  age,  homatropin  hydrobromate.  After  forty- 
five  years  of  age  cycloplegics  are  seldom  necessary.  After  fifty 
they  are  inadvisable. 

All  mydriatics  are  dangerous  to  eyes  threatened  with  glaucoma. 
It  is  not  the  drug,  but  the  closure  of  the  filtration  angle  of  the  ante- 
rior chamber  by  the  iris  tissue;  and  that  drug  which  will  dilate 
the  pupil  to  the  widest  degree  and  maintain  the  paralysis  for  the 
longest  time  is  to  be  feared  the  most. 

Myotics. — A  myotic  causes  contraction  of  the  pupil  and  spasm 
of  the  ciliary  muscle.  In  the  case  of  myotics  the  action  is  dual. 
There  is  no  drug  that  will  stimulate  the  iris  and  not  the  ciliar)' 
muscle  when  given  in  sutlicient  quantity.  Myosis,  therefore, 
practically  refers  to  both  contraction  of  the  })upil  and  of  the  ciliary 
muscle,  although  etymologically  it  means  only  the  former.  The 
action  of  myotics  upon  the  terminal  nerves  in  the  iris  and  ciliary 
body  is  exactly  the  reverse  of  that  of  mydriatics.  They  stimulate 
the  motor  and  paralyze  the  sympathetic  fibers. 

Escrin  and  Pilocarpin. — The  principal,  and  indeed  the  only, 
myotics  that  are  generally  employed  are  pilocarpin  and  eserin. 
The  fornuT  is  the  alkaloid  of  jaborandi,  and  is  used  in  the  form 
of  nilraie  or  hydrochlorate,  gr.  \  to  gr.  iv  to  the  ounce.  The  lat- 
ter, one  of  the  alkaloids  of  physostigma,  is  used  in  the  form  of  the 
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sulphate  or  salicylate,  gr.  ^  to  gr.  ij  to  the  ounce.  Pilocarpin 
hydrochlorate  has  about  one-half  the  physiologic  effect  of  eserin. 
The  spasm  of  accommodation  begins  fifteen  minutes  after  applica- 
tion and  lasts  two  and  one-half  hours. 

Other  myotics  are  muscarin,  opium,  nicotin,  conium,  extract 
of  aconitin,  and  extract  of  digitalin,  all  of  which  are  useless  in 
ophthalmic  practice. 

After  the  application  of  eserin  in  sufficient  strength,  the  pupil 
begins  to  contract  in  five  to  ten  minutes,  attains  its  maximum  in 
thirty  to  forty  minutes,  and  disappears  in  from  one  to  two  days. 

It  is  used  principally  to  counteract  the  dilatation  of  the  pupil 
in  glaucoma.  It  frees  the  angle  of  the  anterior  chamber  from  the 
iris,  the  obstacle  to  excretion,  and  thus  reduces  the  tension.  It  is 
occasionally  employed  to  counteract  the  effect  of  mydriatics. 

Anesthetics. — Cocain  hydrochlorate  is  of  little  value  as  a 
mydriatic,  and  as  a  cycloplegic  none  whatever.  For  superficial 
operations,  involving  the  conjunctiva  and  cornea,  two  instillations 
of  a  2  per  cent,  solution  are  sufficient.  For  deeper  operations, 
such  as  cataract  extraction  and  iridectomy,  three  instillations  of  a 
4  per  cent,  solution  at  three  to  five  minute  intervals  are  neces- 
sar\'.  In  tenotomy  it  should  be  instilled  before  and  during  the 
progress  of  the  operation. 

Cocain  solution  ought,  for  all  serious  operations,  to  be  pre- 
pared with  freshly  boiled  distilled  water.  After  some  days  or 
weeks,  pencillium  collects  in  the  solution,  which,  while  not  destroy- 
ing the  usefulness  of  the  solution,  subjects  the  cut  surfaces  of  the 
ball  to  the  danger  of  infection. 

Three  minutes  after  instillation  of  cocain  the  conjunctiva 
is  insensitive  to  pain,  but  sensitive  to  im})act,  and  the  cornea 
anesthetic.  A  second  instillation  after  the  lapse  of  five  minutes 
continues  the  anesthesia.  By  filtration  through  the  cornea,  its 
action  is  exerted  upon  the  iris.  A  third  administration  of  the  drug 
increases  iris  anesthesia  and  dilates  the  ])upil,  while  a  fourth 
instillation  almost  completely  deadens  the  iris  sensibility,  loosens 
the  epithelium  of  the  cornea,  and  the  latter  becomes  relaxed, 
softened,  less  resistant,  and  changed  in  its  refraction.  The  intra- 
ocular tension  is  lowered,  the  palpebral  fissure  widened,  the  blood- 
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vessels  contracted,  and  accompanying  these  symptoms  there  is 
the  sensation  of  cold  imparted  to  the  eye. 

Other  Local  Anesthetics. — Eucain  "B*'  in  2  per  cent,  solu- 
tion does  not  dilate  the  pupil  or  act  upon  the  accommodation. 
It  is  slightly  irritating  to  the  conjunctiva.  Derby's  experience 
leads  him  to  believe  that  it  is  ineffective  as  an  anesthetic.  Holo- 
cain  (i  per  cent,  solution)  does  not  dilate  the  pupil,  increase  the 
intraocular  tension,  or  affect  the  accommodation;  is  more  effec- 
tive in  painful  inflammation,  and  does  not  induce  constitutional 
symptoms  unless  swallowed  or  injected  subcutaneously.  It  has 
no  effect  upon  the  corneal  epithelium,  relieves  pain  in  corneal 
ulceration,  and  is  bactericidal  and  antiseptic.  In  scleritis  it 
produces  pain  and  aggravates  the  inflammation  (Derby).  The 
solutions  keep  well,  and  are  free  from  growths  for  many  months. 
It  seems  to  produce  decidedly  more  anesthesia  of  the  deeper 
structures  than  cocain.     It  does  not  check  hemorrhage. 

Infiltration  Method  0}  Anesthesia. — Schleich^s  method  of  intro- 
duction into  the  subcutaneous  tissue  at  the  site  of  a  proposed 
operation  of  a  solution  of  normal  salt  (^  of  i  per  cent.)  and  y^  to 
-^•^  per  cent,  of  cocain,  is  applicable  to  operations  on  the  lids,  such 
as  removal  of  small  tumors.  Several  minims  should  be  injected 
by  means  of  a  hypodermic  s>Tinge.  The  solution  proposed  by 
Schleich  is  as  efficacious  as  a  solution  of  cocain  alone,  and  is  less 
likely  to  cause  toxic  symptoms.  Its  single  disadvantage,  that  of 
changing  the  shape  of  the  lid  by  the  volume  of  fluid  injected  into 
the  subcutaneous  connective  tissue,  is  overcome  in  part  by  marking 
by  ink  the  lines  of  the  proposed  incision. 

Dionin. — Darier  has  used  dionin  in  2  to  5  per  cent,  solu- 
tion, and  also  in  powder  form  in  quantity  not  exceeding  the  size 
of  a  millet  seed,  with  favorable  results  in  chronic  infiltration  of 
the  cornea,  pannus  excepted,  in  iritis  when  used  with  atropin,  and 
in  vitreous  opacities.  Its  first  instillation  causes  sharp  pain  and 
in  some  cases  severe  edema  of  the  lids  and  conjunctiva,  persisting 
for  some  hours.  As  an  anesthetic  it  is  to  be  rejected,  and  also  in 
all  operations  in  which  the  ball  is  opened,  on  account  of  the 
striping  of  the  cornea  that  may  follow  its  use. 

Suprarenal  Gland. — ^The  active  principle  has  been  separated, 
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forming  tiny,  fusiform  cn'stals,  to  which  the  name  adrenalin 
has  been  given.  A  solution  of  the  chlorid,  i  part  to  1000  parts 
of  normal  salt  solution,  is  a  stable  preparation  for  use.  It  is  a 
powerful  astringent  and  hemostatic,  and  one  drop  of  the  solution 
instilled  into  the  conjunctival  sac  blanches  the  ocular  and  palpe- 
bral conjunctiva  in  from  thirty  to  sixty  seconds  and  lasts  from  ten 
to  thirty  minutes.  It  is  used  preliminary  to  operations,  such  as 
tenotomy,  and  in  active  congestion  on  the  anterior  segment  of  the 
ball.  After  the  effect  has  passed  away  the  congestion  is  probably 
no  greater  than  before  its  instillation. 


CHAPTER  II. 

GENERAL  OPTICAL  PRINCIPLES— TEST  LENSES 

—THE  OPHTHALMOSCOPE— THE  RETINO- 

SCOPE— THE  OPHTHALMOMETER. 


A  knowledge  of  the  action  of  plain  and  cun^ed  surfaces  upon 
rays  of  light  is  essential  to  a  proper  understanding  of  the  use  of 
lenses  and  of  many  of  the  tests  for  the  determination  of  the  re- 
fraction of  the  eye.  To  simplify  the  study  of  refraction,  a  few  of 
the  elementary  principles  are  here  given. 

Light  is  given  off  from  its  source  in  every  direction  in  straight 
lines,  or  rays.  A  ray  of  light  when  interrupted  is  either  absorbed, 
refracted,  or  reflected. 

Refraction. — Luminous  rays  passing  through  a  medium  such 
as  air  are  not  changed  in  direction.     Rays  entering  obliquely  a 

transparent  body  with  parallel  surfaces 
are  bent  toward  the  perpendicular  to  its 
surface,  pursue  a  straight  course  through 
the  medium,  and  upon  emerging  into  air 
are  bent  in  a  direction  away  from  the  per- 
pendicular. The  emergent  rays  are  par- 
allel to  the  incident  rays,  although  the 
two  are  not  in  the  same  plane.  This  is 
shown  in  the  accompanying  illustration 
(Fig.  20). 

The  ray,  g,  m,  from  the  rarer  medium, 
air,  passes  through  tlie  denser  medium, 
f,  is  refracted  in  the  direction,  m,  m,  toward  the  perj)endicular, 
1),  m,  of  the  surface.  The  emergent  ray,  passing  from  the  denser 
into  the  rarer  medium,  takes  the  direction,  m  a,  away  from  the 
])er|)en(iicular,  m  b.  The  dotted  line,  m,  n,  represents  the  direc- 
tion the  incident  ray  would  take  had  it  not  been  refracted. 
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Vir,.  20. — Refkaction  iw  a 
Platk  of  Glass. 
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Fig.  21. — A  Prism. 


A  ray  perpendicular  to  the  two  surfaces  of  the  transparent 
medium  passes  through  without  refraction  or  alteration  of  its 
course.  The  refraction  of  light  by  transparent  surfaces  is  always 
the  same  for  the  same  medium  at  the  same  obliquity,  and  this 
constant  refractive  j)ower  is  known  as  the  index  oj  refraction. 
With  air  as  the  standard,  water  has  an  index  of  refraction  of  1.33, 
crown  glass  1.53.  and  flint  glass  1.58. 

Refraction  of  Prisms. — Since  the  two  surfaces  of  a  prism  meet 
at  an  angle,  the  emergent  ray  is  not  parallel  to  the  incident  ray. 
In  passing  from  the  denser 
into  the  rarer  medium  the 
emergent  ray  is  refracted 
away  from  the  perpendicu- 
lar of  the  second  surface. 
The  refraction  produced  by 
a    medium    in    which  the 

two  surfaces  are  not  parallel,  as  a  prism,  is  illustrated  in  the  figure 
(Fig.  22).    The  ray,  O,  F,  passing  through  the  prism,  A  B  C,  is 

bent  in  the  direction  F  G. 
Upon  emerging  into  the  rarer 
medium,  air,  it  takes  the  di- 
rection G  L,  which  is  away 
from  the  perpendicular,  G  K, 
following  the  same  law  as  in 
the  case  of  bodies  with  paral- 
lel sides.    Rays  are,  therefore, 
refracted  by  a  prism  in  the  direction  of  the  base.     The  apex  forms 
the  refracting  angle  of  the  prism.    The  bending  of  the  ray  is  in 
direct  proportion  to  the  size  of  this  angle. 

Notation  of  Prisms.  — The  usual  method  of  numbering 
prisms  is  based  upon  the  size  of  the  angle  formed  at  the  a|)cx. 
Jack.s(m  has  proposed  to  substitute  for  this  a  system  based  upon  the 
degree  of  deviation  of  refracted  rays  of  light.  In  the  illuslralion 
(Fig.  22)  the  angle  L  D  L'  is  the  angle  of  deviation.  Dennett 
suggests  the  designation  of  the  degree  of  refraction  by  ''ccntrads/* 
a  deviation  the  arc  of  which  equals  ^  f,  <y  of  the  radius  of  the  circle 
of  which  the  prism  is  a  sector.     Prentice  j)refers  the  term  ''prism 


Fig.  22. — Refraction  of  a  Prism. 
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diopters/'  a  deviation  the  tangent  of  which  is  j^-^  of  the  radius. 
The  comparative  value  of  prisms  by  the  three  systems  is  shown 
by  the  table  prepared  by  Jackson. 


Deviations. 

RErsACTiKc  Angle 

Ccntrads. 

Prism  Diopters. 

I 

I.O 

1.06 

2 

2.0 

2.12 

3 

3-0 

3.18 

4 

4.0 

4-23 

5 

5-0 

S.28 

6 

6.0I 

6.32 

7 

7.01 

7-35 

8 

8.02 

8.38 

9 

9.02 

9-39 

IC 

10.03 

10.39 

II 

11.03 

"•37 

12 

12.04 

12.34 

^3 

13.06 

13.29 

15 

15-11 

15.16 

20 

20.26 

19-45 

Refraction  by  Curved  Surfaces. — A  curved  surface  may  be 
regarded  as  composed  of  innumerable  minute  plane  surfaces 
joined  together,  the  whole  forming  a  section  of  a  sphere. 
Parallel  rays  passing  through  a  curved  surface  follow  the  law  of 
refraction,  and  are  bent  toward  the  perpendicular  at  the  point  of 
entrance.     If  the  surface  is  spherical,  the  several  rays  join  after 

refraction  in  one  point,  which  is  known 
as  the  principal  focus  of  this  surface. 
Reflection. — The  surface  of  a 
polished  opaque  body  reflects  but  does 
not  refract  rays  of  light.  The  rays 
arc  reflected  at  the  same  angle  and  on 
the  same  plane  as  those  in  which  they 
impinge  on  the  surface. 

Reflection  from  Plane  Surfaces. — 
In  the  reflection  of  a  beam  of  light 
from  the  surface  of  a  plane  mirror  the 
angle  of  incidence  e(juals  the  angle  of  refraction.  The  rays  appar- 
ently originate  from  a  point  behind  the  mirror  e(|ual  to  the  distance 
of  the  light  in  front  of  the  mirror.     In  P'ig.  24  a  candle-flame  at  R 


Fig.  23. — Rkflkction.  The  an- 
gle of  iiK  ideiK  e,  F  R  A,  ecjuals 
the  angle  of  relleetion,  .\  R  L. 


REFLECTION  BY  A  CONCAVE  MIRROR. 


49 


is  reflected  by  the  mirror,  S,  to  the  eye  at  K.  The  angle  made  by 
the  incident  rays  with  the  perpendicular  corresponds  with  the 
angle  made  by  the  divergent  rays.  The  observer  at  K  sees  the 
reflection  of  the  candle,  R,  as  if  it  were  located  at  dotted  R,  at 
an  equal  distance  behind  the  mirror.  The  reflection  of  the 
candle  is  of  the  same  size  as  the  real  flame. 

Reflection    by  a  Concave   Mirror. — The   reflection    from  a 
concave  mirror  is  shown  in  Fig.  25.     S  J  is  the  principal  axis, 


:  L 


Fig.  24. — Reflection  from  a 
Plane  Mirror. 


Fig.  25. — Reflection  by  a  Concave 
Mirror. 


and  C  the  center  of  curvature.  The  rays,  A  and  K,  parallel  to  S  J, 
are  reflected  to  G,  which  is  the  principal  focus  of  the  mirror. 
L  G  is,  therefore,  the  focal  length,  and  is  one-half  the  radius  of 
cur\'ature,  C  L.  All  rays  starting  from  G  are  reflected  parallel. 
If  the  source  of  light  is  closer  to  the  mirror  than  the  principal  focus, 
G,  the  rays  become  divergent  after  reflection.  Thus,  rays  from 
P  diverge  in  the  direction  O  M.  Rays  from  a  point  beyond  the 
principal  focus  converge  after 
reflection.  The  ray  from  B 
is  reflected  to  F  on  the  prin- 
cipal axis.  Conversely,  a 
light  at  F  is  reflected  to  B. 
The  two  points,  F  and  B,  are 
therefore  conjugate  to  each 
other,  and  are  known  as  con- 
jugate  joci. 

The  reflection  of  an  object  situated  beyond  the  princi|)al  focus 
is  always  inverted  (Fig.  26).     The  rays  from  M  and  D  arc  re- 


FiG.  26. — Real  Inverted  Ima(je  Formed 
BY  A  Concave  Mirror. 
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fleeted  at  O  and  B  to  form  the  image  g,  m,  between  the  principal 
focal  point,  S,  and  the  center  of  cur\'ature,  C. 

Lenses  are  pieces  of  glass  or  other  transparent  substance 
bounded  by  two  curved  surfaces,  or  one  curved  surface  and  one 
plane  surface.  Rays  of  light  passing  through  a  lens  are  bent 
toward  its  thickest  portion. 

The  center  of  the  lens  is  called  the  optical  center,  the  nodal 
points,  S^  S*  (Fig.  27),  are  two  points  on  the  axial  ray.  A  ray 
directed  to  one  before  refraction  passes  through  the  other  after 
refraction.  Practically  the  two  points  may  be  considered  as  one, 
the  optical  center  of  the  lens.  A  ray  of  light  passing  through  the 
optical  center  at  right  angles  to  the  surfaces  is  not  refracted.  Such 
a  ray  is  known  as  the  principal  axiSy  g,  g.    A  secondary  axis,  x,  f, 


Fig.  27. — Principal  and  Secondary  Axes.    Fig.  28. — Refraction  by  a  Spheri- 
cal Convex  Lens. 

is  the  line  passing  through  the  optical  center,  but  not  at  right 
angles  to  the  surfaces.  The  secondary-  axes  undergo  slight  re- 
fraction or  lateral  displacement,  but  pursue  parallel  courses  on 
both  sides  of  the  lens.  The  farther  removed  the  rays  are  from  the 
optical  center,  in  passing  through  a  lens,  the  more  they  are  re- 
fracted. 

A  convex  lens  is  thicker  at  its  center  than  at  its  peripherj'.  A 
concave  lens  is  thinner  at  its  center  than  at  its  peripher>'.  Convex 
and  concave  len.scs  are  either  spherical  or  cylindrical.  A  spherical 
lens  has  one  or  both  of  the  surfaces  curved  equally  from  its  center 
in  all  directions,  and  is  a  section  of  a  perfect  sphere.  A  cylindrical 
lens  has  a  spherical  curve  at  right  angles  to  the  axis  of  the  cylinder, 
but  no  curve  in  the  axis.     It  may  be  conceived  as  composed  of  an 
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SI 


infimte  number  of  curved  lines,  parts  of  a  circle,  in  juxtapositionj 
each  one  being  just  wide  enough  to  refract  a  single  beam  of  light 
Such  a  lens  may  be  either  convex  or  concave,  depending  upon 
whether  the  curved  portion  is  thicker  or  thinner  at  its  center  (Fig. 

Spherical  Convex  Lenses. — In  its  simplest  form  a  spherical 
convex  Icnj*  may  be  considered  to  be  formed  of  two  prisms 
pbiced  base  to  base.  As  the  effect  of  a  prism  upon  a  ray  of 
light  passing  through  it  is  to  bend  the  ray  tou'ard  the  base,  a  con- 
ex  glass  must  therefore  bend  all  rays  toward  its  thickest  portion. 
Since  the  curved  surface  of  a  spherical  len:^  is  that  of  a  perfect 
sphere,  ever}'  ray  passing  through  ihe  lens  parallel  lo  the  optical 
center  must  be  refracted  to  one  point,  the  principal  focus.    The  dis- 


Fto.  ?«j, — Vakietii:s  of  Spherical  Lesshs.     r,  PUrnu-convex;   j^  Mmhiv-v;  3, 
coftcavu-Cfjnvex;  4,  plano-toncav'tf;  5t  bkoncavt?;  6,  rnnvejto-rancave. 

lance  of  the  principal  focus  from  the  center  of  the  lens  is  called  focai 
distance^  or  focal  length.  Thus,  in  Fig.  28^  the  rays  R,  which 
Strike  the  lens  parallel  to  each  other,  arc  brought  to  a  focus  at  A, 
the  principal  focus  of  the  lens.  Conversely,  rays  emanating  from 
the  focus  of  a  lens,  as  at  \,  pass  through  the  lens  and  emerge 
pamUel  to  each  other.  Rays  emanating  from  a  point  farther  from 
thir  lens  than  its  principal  ftKUS  are  brought  to  a  focus  on  the  oppo* 
site  side*  This  is  shown  in  the  figure,  where  the  source  of  light, 
at  K,  is  beyond  the  principal  focal  point.  The  points  K,  K,  are 
the  conjugate  foci,  since  the  object  at  cither  point  is  focused  at  the 
other.  Kays  emitted  from  a  point  closer  to  the  lens  than  its  prin- 
cipal focus,  as  at  G,  emerge  from  the  lens  divergent^  and  conse- 
qucntly  never  come  to  a  f*>cus. 
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Spherical  convex  lenses,  also  known  as  plus  spherical  lenses, 
are  of  three  forms:  the  plano-convex,  one  surface  plane  and  the 
other  convex;  the  biconvex,  both  surfaces  convex;  and  the  con- 
cavo-convex, one  surface  convex  and  the  other  concave,  the  radius 
of  curv^ature  of  the  convex  surface  being  greater  than  that  of  the 
concave.  The  concavo-convex  lens  is  also  known  as  a  periscopic 
lens. 

Spherical  Concave  Lenses. — As  a  convex  spherical  lens 
may  be  considered  to  be  composed  of  two  prisms,  ba^e  to 
base,  so  a  spherical  concave  lens  may  be  regarded  as  two  prisms, 
apex  to  apex.     Rays  of  light  passing  through  a  lens  of  this  kind 

are  reflected  away  from  the  prin- 
cipal axis,  and,  therefore,  are  not 
brought  to  a  focus.  All  rays, 
parallel,  convergent,  or  divergent, 
passing  through  a  concave  lens  di- 
verge from  their  original  direction 

upon  emerging. 

Fig.  30. — Refraction  by  a  Spheri-  o   1      •     1  1  1 

CAL  Concave  Lens.  Spherical  concave  lenses,  also 

known  as  minus  spherical  lenses, 
are  of  three  forms — plano-concave,  biconcave,  and  convexo-con- 
cave, or  periscopic  concave  (see  Fig.  29).  In  the  last,  the  concave 
surface  is  of  greater  curvature  than  the  convex  surface. 

The  refraction  of  parallel  rays  by  a  spherical  concave  lens  is 
shown  in  Fig.  30.  The  central  ray,  perpendicular  to  the  two  sur- 
faces, passes  through  the  glass  unchanged  in  direction.  Parallel 
rays  are  bent  toward  the  thickest  portion  of  the  lens,  and  upon 
emerging  become  divergent.  If  the  direction  of  these  rays  is 
continued  backward,  they  meet  at  F,  the  principal  focus  of  the 
lens. 

Formation  of  Images  by  Spherical  Lenses. — The  image 
formed  by  a  spherical  convex  lens  is  either  real  or  virtual,  and  erect 
or  inverted,  the  position  and  size  of  the  image  depending  upon  the 
situation  of  the  object  in  respect  to  the  principal  focal  point.  If 
the  luminous  object  is  at  the  principal  focus  of  the  lens,  the  image 
will  be  real,  inverted,  and  at  an  infinite  distance,  since  the  emergent 
rays  are  parallel  after  refraction.     If  the  object  is  beyond  the  prin- 
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cipal  focal  point,  the  image  is  real,  inverted,  and  smaller.  In  Fig.  31 
lines  are  draw-n  from  the  extremities  of  the  object  A,  B,  passing 
through  the  optical  center.  They  are  the  secondary  axes  which 
define  the  limits  of  the  object  after  refraction.  The  ray  from  A, 
striking  the  upper  portion  of  the  lens,  is  bent  to  pass  through  the 
principal  focus,  P.  F.,  to  A',  and  here  intersects  the  secondar}^  axis. 
A  ray  from  the  lower  extremity,  B,  is  bent  by  the  lower  portion  of 


Fig.  31. — Real  In'\erted  Image  formed  by  a  Spherical  Con\*ex  Lens. 

the  lens,  and  meets  the  secondary  axis  at  B'.  For  the  sake  of 
simplicity,  only  the  two  rays  from  A  and  B  are  sho\sTi,  since  all  the 
other  rays  act  in  the  same  manner.  The  image  of  A  B  will  there- 
fore be  formed  by  the  lens,  and  will  be  inverted  and  smaller.  If 
the  source  of  the  rays  is  closer  to  the  lens  than  its  principal  focal 
j)oint,  the  refracted  rays  become  divergent,  and  the  image  is  virtual, 
on  the  same  side  as  the  object,  upright,  and  larger. 

The  images  formed  by  spherical  concave  lenses  are  always 


Fig.  32. — Image  formed  by  a  Conxave  Lens. 

erect,  smaller  than  the  object,  and  virtual.  The  parallel  rays 
from  the  object,  A  R,  Fig.  32,  are  rendered  divergent  after  re- 
fraction, and  never  come  to  a  focus.  If  these  rays  are  projected 
backward,  they  form  the  image  A'  R'.  The  image  of  the  object 
appears  to  the  obser\'er  as  if  coming  from  the  point  A'  R',  so  that 
this  is  the  virtual  image  of  the  object,  and  is  erect,  upon  the  same 
side  as  the  original  object,  and  is  smaller. 
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Cylindrical  Lenses. — One  surface  is  plane  and  the  opposite 
surface  is  either  convex  or  concave.  A  line  parallel  to  the 
summit  of  the  cur\-ed  surface,  at  right  angles  to  the  meridian 
of  curvature,  is  the  axis  of  the  cylinder  (A,  A).  Since  every 
cylindrical  lens  is  cun^ed  in  one  direction  only — perpendicular  to 


Fig.  33.— Cylindrical  Lenses. 

the  axis  of  the  lens — it  is  evident  that  refraction  only  occurs  in  one 
plane.  In  this  plane,  corresponding  to  the  curvature,  the  lens  is 
similar  in  every  respect  to  a  spherical  lens.  In  the  plane  at  right 
angles  to  the  cur\'ature,  rays  perpendicular  to  the  surface  are  also 
refracted  into  the  focal  line  parallel  with  the  axis.  The  focus 
of  a  cylindrical  lens  is  therefore  a  line  instead  of  a  single  point. 


Fig.  34.— Refraction  by  an  Astigmatic  Surface. 


Numbering  of  Lenses. — The  property  of  a  lens  to  bend  the 
rays  of  light  is  known  as  its  rejracting  power.  The  smaller  the 
curvature  of  a  lens,  the  weaker  the  lens,  the  less  its  refractive 
power,  and  the  greater  its  focal  distance.  The  more  convex  or 
concave  the  surface,  the  stronger  the  lens,  the  greater  its  refractive 
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power,  and  the  shorter  its  focal  distance.  The  system  of  num- 
bering lenses  now  almost  uniformly  adopted  accords  with  their 
refracting  power.  A  lens  having  a  focal  distance  of  i  meter  has 
been  adopted  as  the  unit,  and  is  known  as  a  one  diopter  lens  (i  D). 
A  lens  having  twice  the  strength,  one-half  the  focal  distance,  is  a 
two  diopter  lens  (2  D) ;  one  four  times  as  strong  is  a  lens  of  4  D, 
and  has  a  focal  length  of  one-fourth  meter. 

Testing  Refraction. — One  or  more  of  several  methods  may 
be  employed.  Of  these,  the  trial  lenses  are  subjective,  and  retin- 
oscopy,  ophthalmoscopy,  and  the  ophthalmometry  are  objective. 

Trial  Lenses. — ^The  complete  set  of  trial  lenses  contains  convex 
and  concave  spherical  and  cylinder  lenses,  and  a  series  of  prisms. 
The  trial  frame  has  two  or  more  cells  for  holding  the  lenses,  and  is 
marked  in  degrees.  The  graduations  commence  at  zero  at  the 
patient's  left,  and  pass  through  one-half  of  the  circle  to  180  degrees 
at  the  right.  The  notation  of  both  the  right  and  left  lens  carrier  of 
the  trial  frame  exactly  corresponds,  so  that  an  astigmatism  at,  say, 
60  degrees  in  each  eye,  will  have  the  axes  of  the  cylinders  parallel. 

The  Ophthalmoscope. 

The  examination  by  the  ophthalmoscope  is  either  direct  or 
indirect. 

The  Direct  Method. — ^The  light  is  reflected  into  the  observed 
eye  by  the  mirror  held  close  to  the  eye  under  observation.  The 
entering  rays  are  refracted  by  the  transparent  media  of  the 
eye  and  focused  on  the  retina.  From  the  retina  they  return  over 
exactly  the  same  course,  and  strike  the  mirror  from  which  they 
seem  to  emanate.  A  few  of  these  rays  pass  through  the  perfora- 
tion and  enter  the  observer's  eye,  immediately  behind  the  mirror, 
and  are  refracted  on  his  retina,  forming  an  upright  image  of  that 
part  of  the  patient's  eye-ground  from  which  the  returning  rays  pro- 
ceeded. Necessarily  this  comprises  but  a  small  part  of  the  entire 
retina  and  choroid,  and  for  examination  of  all  parts  of  the  eye- 
ground  the  observed  eye  is  moved  in  all  directions.  In  Fig.  37 
rays  are  emitted  from  the  light  C,  in  all  directions.  Some  of  them 
strike  the  concave  mirror,  M.  These  are  reflected,  and  a  com- 
paratively small  number  enter  the  eye,  P,  of  the  patient,  and  are 
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refracted  to  the  fundus.  From  the  illuminated  area  the  rays 
return  through  the  pupil,  and  passing  through  the  perforation 
in  the  mirror  are  focused  on  the  fovea  of  the  eye  of  the  examiner, 
O*  At  first  he  will  see  this  reflected  light  as  a  bright  pink  glare, 
known  as  the  jundus  refleXf  but  upon  closer  inspection  the  details 
of  the  eye-ground  become  visible.    He  should  remember  that  he 


^ 


FRONT  BACK 

FiG.  $s. — Thi  LomiNG  Ophthalmoscope. 

is  attempting  to  inspect  an  object  that  is  less  than  1 1  inches  from 
his  own  eye,  and  must  leam  to  relax  his  accommodation. 

Whenever  practicable  the  examination  should  be  conducted 
under  artificial  mydriasis  and  in  a  dark  room.  Through  the 
dilated  pupil,  the  observation  of  diseased  structures  may  be  exact 
and  satisfactor}';  without  it,  the  diagnosis  is  often  uncertain,  and 
sometimes  impossible.     The  presence  of  glaucoma  or  of  symp- 
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toms  indicating  its  onset  is  the  only  prohibition  to  the  use  of  a 
mydriatic. 


Fig.  36. — Direct  Examination:  Position  of  Observer  and  Patient. 


Fig.  37. — Direct  Examination:  Course  of  the  Rays. 

Examination  of  the  Fundus. — In  order  to  furnish  the  best 
view  of  the  optic  nerve  and  surrounding  area,  the  patient  looks 
at  a  distant  object  to  the  side  and  beyond  the  obser\'er's  head,  to 
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the  right  when  the  right  eye,  and  to  the  left  when  the  left  eye,  is 
examined.  By  thus  turning  the  eye,  the  nene  head,  which  lies 
to  the  nasal  side  of  the  posterior  pole,  is  brought  into  the  line  with 
the  aperture  in  the  mirror  and  the  observer's  fovea.  The  foveal 
region  is  seen  when  the  patient's  gaze  is  directed  into  the  aperture 
of  the  mirror. 

The  Fundus. — The  normal  eye  presents  many  variations. 
In  some  cases  these  differences  are  so  dissimilar  to  the  typically 
pictured  fundus  that  an  extended  experience  is  necessary  to  dis- 
tinguish the  variations  in  health  from  the  changes  wrought  by 
disease. 

The  Fundus  Reflex, — The  color  of  the  reflex  in  normal  eyes 
IS,  in  most  cases,  a  bright  pink  or  red  reflex.  It  is  due  to  the  re- 
flected light  of  the  mirror  from  the  pigment  coat  of  the  retina, 
the  pigment  of  the  choroid,  and  the  choroidal  vessels.  In  the 
albino,  who  has  no  fundus  pigment,  the  reflex  is  that  of  the  cho- 
roidal vessels  with  the  sclera  as  the  background.  In  the  negro  the 
reflex  is  gray  because  of  the  absorption  of  the  light  rays  by  the 
abundant  pigment. 

The  lamina  cribrosa,  the  connective-tissue  lace-work  which 
i^upports  the  nerve- fibers,  appears  as  a  mottled  gray  and  white 
background  in  the  center  of  the  papilla,  through  which  the  vessels 
pass.  In  some  cases  the  excavation  is  either  absent  or  of  small 
diameter;  in  others  it  is  so  large  as  to  leave  nothing  but  a  margin 
of  ner\'e  to  make  up  the  papilla.  It  is  round  or  oval,  with  dear- 
cut  or  blurred  edges,  deep  or  shallow,  exactly  in  the  center  or  to 
one  side,  is  abrupt  or  shelving  at  the  sides,  and  may  be  a  con- 
spicuous figure  of  the  disk,  hardly  noticeable  or  altogether  absent. 
These  variations  are  wide  and  pronounced,  yet  all  are  within 
physiologic  limits  and  should  not  be  mistaken  for  evidences  of 
disease. 

The  Papilla. — The  optic  disk,  or  the  nerve  head,  is  1.75 
nim.  in  diameter,  although  the  ophthalmoscopic  picture  is  en- 
larged about  sixteen  times.  It  is  round  or  oval,  with  clear-cut 
niargins.  The  color  toward  its  peripher}-  is  light  pink,  owing  to 
fine  blood-vessels  in  its  structure  and  on  its  surface.  In  and  near 
the  center  its  color  is  that  of  the  lamina  cribrosa  and  white  ner\'e 
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substance  underlying  it.  Al  the  bottom  of  the  excavadtm,  aod 
clinging  to  its  sides,  can  be  seen  the  central  arten-  and  vein  of  the 
rclina,  which,  however,  do  not  give  color  to  the  depression,  bul 
sen^e  to  bring  out,  in  sharp  conlrast,  its  mottled  white  surface. 
Uptm  ihe  disk  proper  these  main  trunks  divide  into  two  or  mom 
stems,  and  send  out  numerous  fine  branches  to  the  adjacent 
retina. 


Fm,  58.--Tiir  Fevi>cs»  showxsg  PirvsiOLoi.ir  }    .    \     tok  or  thk  PapillaJ 
The  cbomida}  vesseb  appear  as  ^hacted  lines  at  the  peripbery. 

PigmmL — ^The  disk  is  partly  surrounded  by  pigment,  irregu* 
larly  overlapping  its  margins  or  Iving  in  streaks  upon  its  surface. 
This  pigment  zone  is  a  heaping  up  of  the  retinal  or  choroidal  cells, 
pfiobabl)'  forced  out  of  their  proper  layers  by  the  formation  of  the 
pi>rus  opticus  and  the  nerve.  In  rare  instances  no  pigment 
bea]>ing%  encompass  the  nenx*  heacL 
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Form, — ^The  papilla  is  usually  round,  or  nearly  so,  and  stands 
out  prominently  from  the  surrounding  fundus  as  its  most  con- 
spicuous feature.  It  seems  to  vary  greatly  in  size,  and,  while 
small  anatomic  variations  will  be  found,  the  majority  of  apparent 
alterations  in  size  are  caused  by  the  refraction  of  the  dioptric 
media,  making  the  disk  appear  relatively  large  in  myopia,  small 
in  hyperopia,  and  oval  in  astigmatism. 

The  Blood-vessels. — The  central  artery  divides,  in  the  depres- 
sion or  on  the  plane  of  the  ntrvt  head,  into  two 
branches — the  superior  and  inferior  retinal.  They 
pursue  a  semicircular  course,  give  off  irregularly 
numerous  branches  which  supply  every  portion 
of  the  contiguous  stnictures,  and  terminate  in 
capillaries.  The  superior  artery  runs  upward, 
curves  around  toward  the  temple,  then  down- 
ward; the  inferior  downward,  toward  the  tem- 
poral region,  then  upward.  Just  above  the  disk 
each  gives  off  nasal  branches  which  again  sub- 
divide. The  veins  follow  more  or  less  closely 
the  arteries  in  their  course,  and  are  designated 
by  corresponding  names.  Lymphatic  sheaths 
accompany  the  vessels. 

The  arteries  are  one-third  less  in  diameter 
than  the  veins,  are  lighter  in  color,  and  present 
whitish  lines  in  their  axes,  due  to  reflections  of 
,^  the    light    from   the   mirror.      The   veins   also 

^  show  the  light  streak,  but  it  is  less  prominent. 

^^fe;^  The   blood-vessels  can  be  traced  by  the  oph- 

thalmoscope naerly  to  the  peripherj'.  The  yel- 
low spot,  or  the  fovea  centralis,  is  free  from 
visible  vessels.  Pulsation  of  the  arteries  on  the 
disk  is  seldom  seen  with  the  hand  ophthalmoscope.  With  the 
Thorner  instrument,  and  with  a  new  form  described  by  Wolfe 
with  electric  light  illumination,  arterial  pulsation  can  be  fre- 
quently seen.  On  the  other  hand,  pulsation  of  the  veins,  syn- 
chronous with  the  wrist  pulse,  is  common.  It  has  been  ascribed 
to  the  resistance  of  the  blood-current  offered  to  the   intraocular 


Fig.  39. — Electric 
Light  Ophthal- 
moscope. 
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tension,  but  is  probably  communicated  by  contact  of  the  veins 
with  pulsating  arteries. 

The  Yellow  Spot. — About  2  disk  diameters,  equal  to  3  mm., 
toward  the  temporal  side  of  the  nerve,  in  the  horizontal  me- 
ridian of  the  fundus,  lies  the  most  sensitive  part  of  the  retina. 
It  consists  of  an  apparently  yellow  spot,  the  yellow  spot  of  Som- 
mering,  surrounded  by  a  circular  or  oval  area,  the  foveal  region. 
The  latter  is  darker  in  color  than  the  rest  of  the  fundus  and  about 
the  size  of  the  disk.  At  the  boundary  of  the  fovea  the  external 
layers  of  the  retina  begin  to  disappear,  until  at  the  center,  the 
yellow  spot  or  macula,  the  layer  of  rods  and  cones  only  remains. 
The  deeper  red  of  the  fovea  is  probably  due  to  the  better  per- 
ception of  the  choroidal  vessels,  and  the  yellow  of  its  center  to 
the  reflection  of  the  light  of  the  ophthalmoscopic  mirror.  It 
varies  slightly  in  size  and  depth,  and  is  not  seen  with  equal  facility 
in  all  patients.  It  appears  larger  and  yellower  according  to  the 
amount  of  light  reflected  by  the  shelving  edges.  In  order  to 
obtain  the  best  view,  the  patient's  pupil  should  be  dilated,  and 
his  gaze  directed  into  the  sight-hole  of  the  mirror.  Without 
artificial  mydriasis  the  direct  excitation  of  the  foveal  region  by 
light  will  so  contract  the  pupil  that  the  view  will  be  practically 
shut  off. 

Estimating  Refraction  by  the  Ophthalmoscope. — Accurate 
results  require  that  the  observer's  refractive  error  be  corrected, 
and  his  accommodation  and  that  of  the  patient  be  relaxed. 
The  inexperienced  observer  involuntarily  makes  his  own  eye 
myopic  to  the  extent  of  the  accommodation  he  uses  in  examining 
the  fundus. 

The  emmetropic  obser\er  with  relaxed  accommodation,  seeing 
the  fundus  of  the  patient  clearly,  knows  that  the  eye  under  ex- 
amination is  enmietropic.  In  estimating  the  degree  of  a  refractive 
error,  the  examiner  aims  to  determine  the  lens  which,  rotated 
before  the  sight-hole  of  the  mirror,  clears  the  view  of  the  vessels 
near  the  fovea.  This  lens,  by  changing  the  convergent  or  diver- 
gent rays  into  parallel  rays,  is  the  measure  of  the  total  amount 
of  the  ametropia. 

Examination  of  the  Media. — The  light,  patient,  and  ob- 
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server  maintain  the  same  relative  positions.  The  cornea  is 
well  seen  through  a  -1-8  D  sph.  lens,  the  crj'stalline  lens  with  a 
-1-6  D  sph.,  and  the  vitreous  with  a  -I-3  D  sph.,  rotated  to  the 
sight-hole  of  the  ophthalmoscope,  held  3  inches  or  4  inches  from 
the  eye  observed.  These  lenses  are  used  simply  for  magnifica- 
tion, and  have  no  relation  to  the  refraction  of  the  eye.  They  are 
modified  only  by  excessive  degrees  of  hyperopia  or  myopia. 

It  is  well,  in  all  cases,  to  follow  the  plan  of  examining  first 
the  cornea,  next  the  lens,  and  finally  the  vitreous,  before  attempt- 
ing to  see  the  fundus.  Opacities  and  irregularities  of  the  cornea 
and  of  the  lens  obstruct  and  diffuse  the  light,  and  the  fundus 
reflex  is,  in  part,  replaced  by  shadows,  which  have  the  appearance 
of  quickly  changing  their  position  and  shape  with  movement  of 
either  the  patient's  or  observer's  eye.  A  partial  loss  of  trans- 
parency of  the  lens  appears  as  dark  streaks  or  dots,  connected 
by  lines  in  the  pupillary  area.  Some  of  the  rays  are  absorbed 
or  reflected  by  the  opacities,  and  the  fundus  cannot  be  sufficiently 
illuminated  to  enable  its  details  to  be  clearly  seen. 

Loss  of  transparency  of  the  vitreous  is  indicated  by  floating 
opacities  that  move  freely  and  independently  of  the  movements 
of  the  eyeball,  assume  irregular  shapes,  or  appear  as  hazy  mem- 
branes or  fine  clouds.  According  to  their  density  and  abundance 
they  wholly  or  in  part  absorb  the  light  thrown  upon  and  reflected 
from  the  fundus. 

The  direct  method  of  using  the  ophthalmoscope  is  also  of 
value  in  studying  the  swelling  or  depression  of  the  optic  nerve 
or  differences  in  the  level  of  the  retina.  Thus,  the  amount  of 
swelling  of  the  optic  nervT,  as  seen  in  brain  disease,  and  the 
degree  of  cupping  of  the  ner\'e,  as  found  in  glaucoma,  may  be 
expressed  respectively  by  the  strength  of  the  convex  or  concave 
lens  which  is  required  to  sec  clearly  the  height  of  the  one  or  the 
depression  of  the  other. 

The  Indirect  Method. — By  means  of  a  strong  convex  lens, 
-ri4  D,  held  before  the  eye  to  be  examined,  an  aerial  image 
is  made  of  that  portion  of  the  fundus  illuminated  by  the  reflected 
light  of  the  mirror  and  focused  by  the  strong  glass.  The  returning 
rays  of  light  are  focused  at  or  near  the  focal  distance  of  the  lens. 
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The  observer  is  seated  about  15  to  20  inches  in  front  and  to  the 
side  of  the  patient.  Strain  on  the  examiner's  accommodation  is 
relieved  by  a  +4  D  lens  rotated  in  front  of  the  sight-hole  of  the 
ophthalmoscope.  It  is  not  essential  to  accurate  perception  of 
the  image  that  the  obserWng  eye  should  be  emmetropic,  or  that 


Fig.  40. — Indirect  Examination:  Position  of  Observer  and  Patient. 

any  slight  error  of  refraction  should  be  corrected  beyond  that 
necessary  to  good  and  comfortable  vision.  In  case  the  details 
of  the  fundus  are  not  at  first  plainly  seen,  the  object  lens  is 
slightly  advanced  or  withdrawn  from  the  eye,  as  a  compensa- 
tion for  the  patient's  ametropia. 


Fig.  41. — Indirect  Examination:  Course  of  Rays. 

By  the  indirect  method  a  larger  portion  of  the  fundus  is 
brought  under  observation.  The  magnification,  however,  is  only 
five  or  six  diameters,  as  compared  with  sixteen  or  eighteen  by  the 
direct  method.     A  study  of  the  topography  of  the  fundus,  of  the 
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The  Ophthalmometer. 

The  ophthalmometer  measures  %'ariations  in  the  cur\'ature  of 
the  cornea,  and  from  the  readings  it  is  possible  to  determine 
apprciimately  the  degree  and  axis  of  corneal  astigmatism.  The 
instrument  devised  by  Ja%^al  and  Schiotz  consists  of  a  telescopic 
tube,  carrying  an  arc  of  a  radius  corresponding  to  the  corneal 
curve,  upon  which  are  two  mires,  one  fixed  and  the  other  movable. 
The  mires  arc  so  arranged  thatj  when  illuminated  by  difiusa 
daylight  or  artificial  means,  an  image  of  each  is  cast  upon  the 
cornea.  The  images,  doubled  by  a  prism  in  the  telescope,  are 
viewed  by  the  observer  through  the  telescope.    After  adjtistment 

of  the  instrument,  the  movable 
mire  is  slid  along  the  arc  until 
its  reflection  touches  that  of  the 
fixed   mire  and   the  dark  lines 


m  i- 


Fig.   4 j.— Modern    Ophtsalmo- 
umcu.  WITS  Su.f-n*LtrMtsATi£D 


Fig,  44* — Position  of  thi:  Miues 


bisecting  the  two  mires  are  continuous.  This  is  the  primary  posi- 
tiofli  and  the  large  pointer  indicates  the  axis  of  one  principal 
meridian  of  the  cornea.  Since  the  slationan-  mire  is  at  20  degrees 
on  the  arc,  the  addition  of  the  number  to  which  the  other  mire 
has  been  carried  gives  the  total  refraction  of  this  meridian  of  the 
cornea*  The  telescope  tube  is  now  rotated  90  degrees.  The 
flitTerrnce  in  the  radii  of  the  cornea  as  sho^Ti  by  the  numbers 
on  iht  arc  between  the  primar)-  and  secondary  positions  equals  the 
diopters  of  corneal  astigmatism.  The  number  of  diopters  of 
separation  equals  the  amount  of  astigmatism.  The  lindings  do 
not  indicate  whether  the  astigmatism  is  hypernpic  or  myopic,  the 
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instrument  simply  sho\iing  so  many  diopters  difference  in  the 
refraction  of  the  two  principal  meridians, 

Retinoscopy  (Shadow-test — Skiascopy)  . 
The  refraction  of  the  eye  is  determined  by  a  study  of  the  lights 
and  shadows  in  the  pupil,  as  revealed  by  reflection  from  a  plane 
or  concave  mirror  held  before  the  eye  of  the  observer* 

Point  of  Reversal,--By  retinoscopy  the  position  of  the  point 

in  front  of  the  eye  is  estimated  at 
which  the  emerging  rays  in  myopia 
come  to  a  focus.  At  and  beyond 
this  point  the  image  of  the  fundus 
is  inverted.  Closer  to  the  eye  the 
image  is  erect.  The  point  at  which 
the  aerial  position  of  the  image 
changes  from  the  erect  to  the  in- 
verted is  known  as  the  point  of  re- 
versal* The  distance  of  this  point 
from  the  eye  equals  the  degree  of 
myopia  and  the  lens  necessary  to  cor- 
rect it.  The  distance  of  the  reversal 
point  from  the  cornea  depends  upon 
the  degree  of  the  convergence  of  the 
emergent  rays — the  higher  the  error, 
the  greater  the  convergence  and  the 
closer  the  point  of  reversal. 

The  Plane  Mirror. — The  mirror 
varies  in  diameter  from  2  to  4  cm.,  with  a  central  aperture  of  from  2 
to  4  mm.     Preference  is  given  in  America  to  the  plane  mirror. 

Principles  of  the  Test. — Parallel  rays  come  to  a  focus  in 
front  of,  upon,  or  behind  the  retina,  according  to  the  refraction 
of  the  dioptric  apparatus.  Conversely,  rays  reflected  from  the 
retina  emerge  convergent,  parallel,  or  divergent.  In  the  emme- 
tropic eye  the  reflected  rays  from  the  retina  emege  paraUeL  In 
the  h)^eropic  eye  the  point  from  which  the  emerging  rays  arise 
is  in  front  of  the  principal  focus  of  the  refracting  system,  and  the 
rays  therefore  are  divergent  after  leaving  the  eye. 


Fig.  45, — Thoringtox's  Retino- 
scopic  Mi^ROR^  A,  Metal  di^k; 
B,  mirror;  C,  light;  D,  folding 
cap. 
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Practice  of  Retinoscopy.— The  examiner  at  one  meter  dis- 
tance reflects  the  light  into  the  patient's  eye  by  the  retinoscopic 
mirror,  and  slowly  rotates  the  mirror  horizontally,  vertically,  and 
obliquely.  He  notices  whether  the  shadow  in  the  pupil  moves 
with  the  mirror,  indicating  an  erect  image  (emmetropia,  hyperopia, 
or  low  myopia),  or  whether  it  moves  in  the  opposite  direction, 
showing  an  inverted  image  (myopia).  If  the  image  is  inverted, 
that  is,  the  shadow  moves  opposite  to  the  rotation  of  the  mirror, 
the  examiner  may  approach  closer  to  the  eye  until  the  shadow 
changes  into  an  erect  image.    This  is  the  point  of  reversal. 

Emmetropia. — Rays  from  an  eye  of  normal  refraction  emerge 
parallel,  and  there  can  be  no  point  of  reversal.  The  movement 
of  the  shadow  is  with  that  of  the  mirror.  With  a  + 1  D  lens 
before  the  patient's  eye  the  movement  ceases  at  i  m.  distance. 

Myopia. — ^The  apparent  movement  of  the  light  in  the  pupil 
is  opposite  to  the  movement  of  the  light  upon  the  face.  The 
examiner  is  beyond  the  point  at  which  the  rays  emanating  from 
the  eye  come  to  a  focus,  and  the  image  is  inverted.  If  he  now 
slowly  approaches  the  eye,  rotating  the  mirror,  he  reaches  a  point 
at  which  the  apparent  movement  ceases — the  focus  or  far  point 
of  the  eye.  Closer  than  this  point,  the  movement  of  the  light  in  the 
pupil  corresponds  with  that  upon  the  face.  The  distance  of  the 
(X)int  of  reversal  is  measured.  It  is  equal  to  the  focal  distance  of 
the  lens  which  will  be  required  to  render  the  convergent  rays 
parallel.  The  equivalent  of  the  lens  in  diopters  is  learned  by 
dividing  the  distance  of  the  point  of  reversal  into  100  cm.  In 
cases  of  low  myopia,  a  + 1  D  lens  is  placed  in  front  of  the  eye, 
the  point  of  reversal  learned,  and  a  +1  D  subtracted  from  the 
combined  focal  distance  of  the  eye  and  the  lens.  The  result 
equals  the  degree  of  myopia. 

Hyperopia. — ^The  rays  of  light  reflected  from  the  fundus  of 
a  hyperopic  eye  diverge,  and  there  is  no  point  of  reversal.  The 
apparent  movement  of  the  area  of  light  in  the  pupil  moves  with 
the  light  on  the  face  in  all  meridians  and  at  all  distances.  To 
determine  the  degree  of  hyperopia,  a  spherical  convex  lens  is 
required  which  will  bring  the  diverging  rays  to  a  focus  at  i  meter. 
Since  the  convergence  of  the  rays  at  i  meter  is  equal  to  the  strength 
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of  a  lens  of  this  focal  distance,  i  D  must  be  deducted  from  the 
total  strength  of  lens  found  by  the  test. 

Regular  Astigmatism. — The  reversal  point  of  each  of  the 
principal  meridians  must  be  determined  separately.  When  the 
astigmatism  is  of  high  degree,  a  distinct  band  of  light  passes  to 
and  fro  across  the  pupil  with  the  inclination  of  the  mirror,  while 
in  the  opposite  meridian,  corresponding  to  the  long  axis  of  the 
band,  the  movement  is  less  marked.  In  low  degrees  of  compound 
astigmatism  the  band  of  Ught  is  dinmier,  and  it  is  only  after 
correcting  the  myopia  or  hyperopia  in  one  meridian,  and  still  find- 
ing a  movement  with  the  light  at  right  angles  to  this  meridian, 
that  astigmatism  is  discovered. 

Varieties  of  Regular  Astigmatism. — If  at  one  meter  the  cor- 
recting lens  in  one  meridian  is  + 1  D,  and  in  the  other  meridian 
+  3  D,  the  case  is  one  of  simple  hyperopic  astigmatism,  the  sub- 
traction of  I  D  for  the  convergence  of  the  rays  leaving  one  me- 
ridian emmetropic.  In  simple  myopic  astigmatism,  with  a  + 1  D 
lens  in  the  test  frame,  there  will  be  no  movement  in  one  meridian, 
while  in  the  other  a  minus  lens,  say  — 3  D,  is  required.  Allowing 
for  the  convergence  of  the  rays,  one  meridian  is  emmetropic  and 
the  other  myopic,  2  D. 

In  tests  of  compound  astigmatism  at  one  meter  the  estimate 
will  be  too  strong  by  i  D  in  all  meridians  that  are  hyperopic,  and 
too  weak  by  i  D  in  all  meridians  that  are  myopic. 

The  illuminated  area  in  mixed  astigmatism,  with  the  observer 
at  one  meter,  moves  against  the  inclination  of  the  mirror  in  the 
myopic  meridian,  if  the  error  is  greater  than  i  D,  and  with  the 
mirror  when  less  than  i  D;  while  in  the  hyperopic  meridian  the 
movement  is  with  the  mirror  in  all  degrees  of  error. 

Either  spherical  or  cylindrical  lenses  may  be  used  in  testing 
the  refraction  of  the  two  meridians  in  astigmatism. 

In  low  degrees  of  astigmatism  it  is  often  of  advantage  to  study 
the  zones  of  the  pupillary  space  at  one- half  a  meter  or  even  less,  a 
statement  emphasized  by  Jackson,  who  says  that  certain  move- 
ments of  the  light  and  shadow  arc  seen  only  at  the  shorter  distance. 

The  distance  of  the  mirror  from  the  source  of  light  must  be 
included  in  the  one  meter  distance,  since  the  rays  from  the  mirror 
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enter  the  eye  as  if  they  came  from  a  point  behind  the  mirror  equal 
to  the  distance  the  source  of  light  is  in  front  of  it. 

Irregular  Astigmatism. — ^The  corneal  curvature  is  irregular 
and  its  surface  presents  numerous  facets,  as  the  result  of  inflam- 
mation, and  the  light  and  shadow  shown  by  the  retinoscopic  mirror 
are  often  extremely  puzzUng.  The  refraction  of  these  different 
surfaces  varies  to  such  a  degree  that  movements  with  and  against 
the  inclinations  of  the  mirror  are  found  in  the  same  meridian. 
Frequently  there  is  rapid  movement  of  the  light  in  the  pupil  toward 
the  margin,  while  in  the  center  of  the  pupil  the  movement  is  slow. 
Another  anomalous  condition  is  that  of  two  bands  of  light  moving 
toward  each  other  as  the  mirror  is  tilted,  making  the  so-called 
''scissors"  movement. 

Irregular  astigmatism  is  naturally  difficult  of  refraction. 
Sometimes  it  is  possible  to  select  an  area  close  to  the  center  of  the 
cornea,  and  find  the  lens  which  will  correct  the  refraction  of  this 
small  portion. 

Aberration. — ^The  periphery  of  the  crystalline  lens  is  more 
convex,  and  hence  of  higher  refracting  power,  than  the  central 
portion,  while  the  cornea  is  more  convex  at  its  center.  Were  it 
not  for  the  action  of  the  iris  in  cutting  off  the  rays  passing  fhrough 
the  peripheral  portions  of  the  cornea  and  lens,  this  difference  in 
refraction,  which  is  known  as  aberration,  would  cause  considerable 
annoyance  in  the  use  of  the  eyes.  When  the  peripheral  aberra- 
tion extends  into  the  center  of  the  pupil,  the  illuminated  area  by 
the  retinoscope  is  slow  or  almost  stationary.  Conical  cornea  is  an 
exaggerated  example,  the  light  area  appearing  to  revolve  around 
a  fixed  point.    Accurate  correction  of  this  defect  is  impossible. 

Mydriatics. — ^To  secure  a  large  area  of  illumination,  the  pupil 
should  be  dilated  by  a  few  drops  of  a  2  per  cent,  solution  of 
homatropin.  In  retinoscopy,  as  in  testing  with  the  trial  lenses, 
spasm  of  the  accommodation  prevents  accuracy  in  the  results,  and 
in  the  majority  of  instances  a  cycloplegic  is  necessary.  Homat- 
ropin is  especially  valuable  for  this  purpose. 

Summary. — ^The  tests  with  the  plane  mirror  at  the  distance 
of  one  meter  may  be  summarized  as  follows : 

I.  The  movement  of  the  area  of  light  in  the  pupil  with  the 
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inclination  of  the  mirror  indicates  emmetropia,  hj-peropia,   or 
myopia  less  than  i  D. 

2.  The  movement  of  the  light  area  against  the  inclination  of 
the  mirror  indicates  myopia  more  than  i  D. 

3.  If  the  movement  with  or  against  the  mirror  is  rapid  and 
the  image  bright,  the  refractive  error  is  generally  of  low  degree; 
if  the  defect  is  high,  the  movement  in  pupil  will  generally  be 
slow  and  the  light  areas  dim. 

4.  The  lens  correcting  the  ametropia,  with  the  working  dis- 
tance at  one  meter,  must  be  reduced  i  D  in  hyperopia  and  in- 
creased I  D  in  myopia. 

5.  A  band-like  form  of  the  area  of  light  indicates  astigmatism, 
the  long  axis  of  the  band  corresponding  with  the  axis  at  which  the 
cylinder  must  be  placed  before  the  eye  to  correct  the  defect. 

The  Concave  Mirror. — Some  oculists  prefer  the  concave  to 
the  convex  mirror.  The  principle  of  the  test  is  the  same,  except 
that  with  the  concave  mirror  at  one  meter  distance  the  apparent 
movement  of  the  light  in  the  pupil  is  exactly  opposite  to  that  with 
the  plane  mirror,  moving  against  the  light  on  the  face  in  emme- 
tropia, hyperopia,  and  myopia  of  less  than  i  D  and  with  the  move- 
ment in  myopia  greater  than  i  D.  In  working  with  the  concave 
mirror  the  lamp  is  placed  over  the  patient's  head,  the  examiner 
being  sealed  about  one  meter  distance  in  front. 


CHAPTER  III. 

REFRACTION  OF  THE  EYE. 

Dioptric  System. — The  human  eye  contains  a  number  of 
transparent  refracting  surfaces  which  bend  rays  of  light  to  a  focus. 
The  refracting  media  are  known  as  the  dioptric  system,  and  con- 
sists of  the  cornea,  aqueous  humor,  cr\'stalline  lens,  and  vitreous 
humor.  The  eye  of  normal  dimensions  with  the  accommodation 
at  rest  equals  in  refraction  a  lens  of  about  22  to  23  mm.  focus. 


Fifl.  46. — The  Emmetropic  Eye.  The  Fig.  47 — The  Dotted  Lines  In- 
parallel  rays  A  B  focus  without  accom-  dicatk  Ametropia — Myopia (M.) 
modative  effort  at  C.  and  Hyperopia  (H.). 


Emmetropia. — The  length  of  the  emmetropic  eyeball  in  its 
visual  axis  exactly  corresponds  to  the  focal  length  of  the  dioptric 
apparatus.  Parallel  rays  of  light  are  therefore  focused  without 
accommodative  effort  on  the  retina. 

Ametropia. — The  focal  distance  of  the  dioptric  apparatus 
of  the  ametropic  eye  does  not  correspond  with  the  length  of  the 
antero-posterior  axis  of  the  ball,  or,  in  other  words,  the  eye  at 
rest  fails  perfectly  to  focus  parallel  rays.  Abnormal  length  of 
the  antero-posterior  axis  of  the  eyeball  is  axial  ametropia;  abnormal 
cur\'ature  of  the  refractive  media  is  curvature  ametropia. 

Ametropia  is  divided  into  three  varieties: 

I.  Myopia  (Near-sightedness), — Parallel  rays  come  to  a  focus 
in  front  of  the  retina,  and  after  crossing  form  circles  of  diffusion 
on  the  retina. 
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2.  Hyperopia  (Far-sightedness). — Parallel  rays  are  converged 
to  a  point  behind  the  retina,  or,  more  strictly,  the  fundus  of  the 
eye  stops  the  rays  before  they  have  come  to  a  focus,  and  a  circle 
of  diffusion  is  formed. 

3.  Astigmatism. — Parallel  rays  of  Ught  are  refracted  differently 
in  different  meridians.  The  dioptric  media  focus  the  rays  in  a 
line  and  not  a  point.  The  two  extremities  of  the  line  are  the  focal 
points  of  the  two  principal  meridians. 

The  Correction  of  Ametropia. — Before  making  the  tests  at 
the  trial  case  to  determine  the  correction  of  ametropia,  opacities 
of  the  media  and  disease  of  the  eye-grounds  should  be  excluded. 
The  visual  acuity  and  the  near  point  of  each  eye  should  be  sepa- 
rately recorded,  the  latter  especially  in  persons  who  have  reached 
the  fortieth  year. 

Perfect  distant  vision  does  not  prove  the  absence  of  a  refractive 
error.  If  vision  is  blurred  by  weak  convex  lenses,  emmetropia 
or  myopia  is  present;  but  if  vision  still  remains  perfect  through 
the  same  glass,  hyperopia  either  alone  or  associated  with  a  low 
degree  of  astigmatism  exists.  Normal  vision  for  distance  and 
imperfect  or  painful  vision  at  close  range  in  a  person  over  forty- 
three  years  of  age  indicates  presbyopia. 

Imperfect  distant  vision,  unassociated  with  ocular  or  cerebral 
disease,  indicates  either  hyperopia,  myopia,  or  astigmatism.  If 
improved  by  convex  lenses,  hyperopia;  if  lowered  by  a  convex 
lens,  but  improved  by  a  concave  lens,  myopia;*  if  not  improved 
by  sphericals,  but  made  better  by  cylinders,  astigmatism  is  present. 
In  spurious  myopia  (ciliary  spasm)  vision  is  made  worse  by 
convex  and  improved  by  concave  lenses. 

The  astigmatic  chart  is  an  aid  to  the  diagnosis,  since,  if  the 
astigmatism  is  appreciable,  some  lines  are  blacker  and  more 
distinct  than  others.  If  a  convex  or  concave  cylinder  improves 
the  blurred  lines,  astigmatism  is  usually  present. 


*  This  statement  is  not  strictly  true,  since  weak  concave  glasses  improve 
vision  in  low  hyperopia,  in  astigmatism,  and  in  emmetropia  by  cutting  off  the  rays 
that  enter  near  the  peripher\'  of  the  pupil  and  blacken  the  letters  by  making  them 
smaller,  yet  it  is  sufficiently  exact  for  practical  purposes. 


MYOPIA— MUSCULAR  COORDINATION.  73 

Myopia  (M.). 

Myopia  (M.)  is  due  to  increased  refraction  from  abnormal 
convexity  of  the  dioptric  media,  to  lengthening  of  the  antero-poste- 
rior  diameter  of  the  ball,  or  to  higher  index  of  refraction  of  the 
transparent  media. 

Causes. — Myopia  is  congenital  when  due  to  malformation 
of  the  cornea  or  of  the  posterior  portion  of  the  sclera,  by  which 
the  ball  is  elongated,  as  in  conical  cornea  or  in  buphthalmos; 
acquired,  when  due  to  pathologic  changes  in  the  length  of  the 
ball  (axial  M.),  often  the  result  of  educational  influences,  or  to 
permanent  increase  of  convexity  of  the  lens  or  cornea  (curvature 
M.)  through  local  and  constitutional  disease,  or  to  a  disturbed 
relation  between  accommodation  and  convergence.  Transient  my- 
opia is  occasionally  found  in  dia- 
betes, in  incipient  cataract  (second  /^Jy^^^^^'^^^Hv 

sight),  and  as  a  sequel  to  iritis  and  a,.----- '  |p ^W^^-^i^ 

choroiditis.      Congenital  myopia  ""'^^V^      Jl 

is  rare  as  compared  with  the  ac-  ^^5:==:s:=^ 

quired.  ^10.  48. — Myopia.  Parallel  rays  come 

^ ,        .  ,       ,  .11  to  a  focus  at  F;  emerging  ravs  focus 

Myopia  may  also  be  said  to  be        at  A,  the  far  point. 
inherited.      It  is  not  uncommon 

to  find  several  myopic  children  in  families  where  one  or  both 
parents  are  myopic.  The  child  is  bom  emmetropic  or  hyperopic, 
and  remains  so  until  the  demands  of  school  life  lead  to  compression 
of  the  ball  by  the  extrenal  recti  muscles  or  to  a  dragging  on  the 
choroid  by  the  radiating  fibers  of  the  ciliar>'  muscle.  The  in- 
herited tendency  of  the  sclera  to  stretch,  until  now  latent,  becomes 
manifest.  The  sclera  yields  at  its  thinnest  and  least  resisting 
portion,  between  the  optic  ner\'e  entrance  and  the  posterior  pole 
of  the  eye,  and  thus  increases  the  antero-posterior  diameter  of 
the  ball.  To  a  less  extent  similar  consequences  follow  in  the 
cases  of  children  who  have  no  discoverable  inheritance  of  myopia. 
The  systemic  changes  of  puberty  are  not  without  influence  as 
factors  in  the  causation  of  myopia,  particularly  when  combined 
with  continuous  close  application  of  the  eyes. 

Muscular  Coordination. — The  visual  axes  tend  in  medium 
and  high  myopia  to  diverge  from  each  other.     The  divergence 
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may  be  latent  (exophoria),  or  manifest  (exotropia).  Myopic 
eyes  sometimes  appear  to  have  internal  strabismus  when  the 
gaze  is  directed  toward  distant  objects,  because  of  the  negative 
value  of  the  angle  gamma.  (See  page  35.)  The  strabismus  is 
apparent  only,  as  can  be  readily  shown  by  the  tests  for  muscular 
imbalance. 

Symptoms. — Blurring  of  objects  situated  outside  of  the  far 
point  is  a  constant  and  the  most  conspicuous  symptom.  The 
school-child  complains  that  he  cannot  decipher  the  writing  on 
the  blackboard;  the  adult  that  he  cannot  see  distant  objects  clearly. 
In  high  grades  of  myopia  the  eyeballs  are  prominent,  often  diver- 
gent, the  face  is  expressionless,  and  the  commissure  reduced  to  a 
slit  by  nipping  together  of  the  lids.  The  uncorrected  myope 
takes  little  interest  in  sports  and  outdoor  life,  and  devotes  his 
time  to  indoor  occupations. 

Asthenopia. — Use  of  the  eyes  for  near  work  becomes  painful 
only  when  the  relation  between  accommodation  and  convergence 
is  strained.  A  myope  of  3  D,  for  instance  (far  point  33  cm.), 
uses  no  accommodation  to  see  distinctly  at  the  far  point,  but 
he  must  converge  the  visual  axes  to  that  point.  Since  both  ac- 
commodation and  convergence  are  under  the  control  of  the  third 
ner\'e,  the  muscles  of  convergence  must  respond  to  the  stimulation 
of  the  accommodation.  In  degrees  of  myopia  of  less  than  3  D, 
the  relation  between  accommodation  and  convergence  is  not  mate- 
rially affected;  in  high  grades  it  leads  to  a  practical  inability  to 

I  L  use  the  eyes  for  near  work,  and 

^WLj^^A^   ^^\       induces  higher  myopia  by  stretch- 

^  ''""'"--H  JLI)----^'^^        ^"S  ^^  ^^^  sclera. 

Bm^/^<L^^yy  The  ]ar  point  of  the  myopic 

eye  is   the  focus  of  its  dioptric 
Fig.  40. — CoRREci'ioN  OF  Myopia  BY       ^    ]•      .1  •   ^'    r       i.    r -lu 

CoNc.w  K  Lens.  media,  the  pomt  m  front  of  the  eye 

at  which  rays  of  light  emerging 

from  the  eye  come  to  a  focus,  or  from  which  the  diverging  rays 

are  focused  by  the  dioptric  system  of  the  eye  upon  the  retina. 

The  near  point  is  the  focus  of  the  dioptric  media  plus  the 
convexity  added  by  the  fullest  exercise  of  accommodation. 

Diagnosis. — The  visual  acuity  for  distance  is  less  than  nor- 


FUNDUS  CH.\XGES  IN  MYOPIA.  75 

mal.  \'ision  is  improved  by  placing  a  concave  spherical  glass 
before  the  eye.  The  glass  that  brings  \-ision  up  to  the  normal 
is  the  measure  of  the  myopia.  Thus,  in  Fig.  49,  the  concave 
lens,  L,  diverges  parallel  rays,  giving  them  the  same  direction  as 
though  they  proceeded  from  A,  the  far  point. 

Estimation  by  the  Ophthalmoscope. — The  details  of  the  fundus 
can  be  distinctly  seen  only  with  a  concave  lens  behind  the  sight- 
hole  in  the  mirror.  This  lens  so  disperses  the  converging  rays  re- 
flected from  the  patient's  fundus  that  they  become  parallel  before 
entering  the  obser\er's  cornea.  The  weakest  concave  lens  that 
gives  a  clear  view  of  the  vessels  of  the  fundus  is  the  measure  of 
the  myopia. 

Estimation  by  the  Retinoscope. — The  emerging  rays  reflected 
by  the  fundus,  which  is  back  of  the  principal  focus  of  the  dioptric 
apparatus,  are  convergent  and  meet  at  the  far  point  of  the  eye. 
The  distance  of  this  point  from  the  cornea  is  the  measure  of  the 
myopia,  and  equals  a  lens  which,  placed  in  front  of  the  eye,  will 
cause  the  same  divergence  of  the  rays  as  though  they  came  from 
this  point.     (See  page  67.) 

Prognosis. — Up  to  the  age  of  thirty-five  years  the  tendency 
of  myopia  is  to  advance,  the  rate  of  increase  depending  upon 
the  health  of  the  individual  and  the  demands  of  close  work. 
The  prognosis  is  invariably  unfavorable  unless  correcting  lenses 
are  worn.  The  popular  impression  that  myofKS  have  strong 
eyes  is  a  tradition,  and,  like  most  traditions,  absolutely  wrong. 
High  grades  of  myopia  are  always  associated  with  chronic  pos- 
terior choroiditis,  vitreous  opacities,  and  distention  of  the  sclera 
at  the  posterior  pole,  and  frequently  lead  to  detachment  of  the 
retina. 

The  Fundus  Changes  in  Myopia.— The  atrophy  of  the 
choroid  near  the  posterior  pole  is  dependent  upon,  anrl  secondary 
to,  distention  of  the  sclera.  The  elastic  sclera  slowly  yields  to 
the  lateral  pressure  of  the  straight  muscles  and  to  the  drag  of 
the  excessive  convergence.  The  choroid  gives  way  first  at  the 
temporal  border  of  the  ner\'e  head,  forming  a  small  crescent  that 
enlarges  slowly  and  gradually  until  both  vascular  and  pij^mentary 
layers  are  absorbed  from  the  entire  surface  of  the  scleral  slaphy- 
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rhages  from  the  fine  retinal  vessels  have  their  seat  in  the  staphy- 
loma or  adjoining  retina.  The  boundaries  of  the  visible  scleral 
area  are  usually  sharp  and  pigmented.  The  crescent-shaped 
atrophy,  the  conusy  is  common  in  low  degrees  of  myopia,  but  is 
also  found  in  hyperopia.  In  cases  of  multiple  staphyloma  some- 
times present  in  malignant  myopia,  the  second  and  third  areas  of 
distention  are  joined  to  the  first,  and  make  with  it  practically 
one  cup,  the  depth  of  which  decreases  toward  its  periphery,  the 
edges  of  each  depression  being  marked  by  Unes  of  choroidal  pig- 
ment. The  slight  edema  and  swelling  of  the  retina  adjoining 
the  disk  in  progressive  myopia,  by  which  the  retinal  reflexes  are 
exaggerated,  may  be  recognized  by  the  presence  of  a  partial  ring 


Fig.  51. — The  Myopic  as  Compared  with  the  Emmetropic  Eyeball. 

concentric  with  and  to  the  nasal  side  of  the  disk  described  by 
Weiss,  and  known  as  the  "Weiss  ring." 

Detachment  of  the  retina  is  not  uncommon  in  high  myopia. 
Its  cause  is  ascribed  to  a  serous  effusion  from  the  choroid. 

Treatment. — Too  much  stress  cannot  be  laid  on  the  thor- 
ough examination  under  cycloplegia  of  all  children  who  give 
evidence  of  defective  vision.  Prevention  of  eye  diseases  can  be 
accomplished  no  more  efficiently  than  by  the  use  of  glasses  in  all 
young  people  who  have  optical  defects.  Of  this  truth  all  American 
ocuhsts  are  convinced.  The  correction  of  myopia  has  its  greatest 
value  in  reducing  to  a  mininum  the  dangers  to  which  a  myopic 
eye  is  exposed.  The  younger  the  patient,  provided  he  can  wear 
glasses  w^ith  safety,  the  more  important  that  his  error  of  refraction 
should  be  corrected. 
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General  Treatment,— The  school-rcx)m  should  be  arranged 
with  special  reference  to  the  position  of  the  scholars  in  relation 
to  the  windows  or  other  sources  of  illumination.  The  light  should 
fall  on  the  desk  from  the  side,  preferably  the  left,  and  not  from 
the  front  or  the  back.  The  desks  should  be  inclined  and  graduated 
in  height,  according  to  the  size  of  the  scholars.  Text-books 
printed  in  clear,  large,  or  medium-sized  type  on  non-glazed 
paper  should  be  used.  Study  should  be  frequently  interrupted 
by  blackboard  or  other  distant  exercises.  In  the  home,  parents 
should  give  the  same  care  to  the  hygiene  of  the  eye  that  the  chil- 
dren receive  in  the  school- room,  and  resort  to  every  available  means 
to  preserve  the  integrity  of  the  eye. 

Local  Treatment. — During  the  progressive  period  of  myopia, 
coincident  with  the  first  thirty-five  years  of  life,  changes  in  the 
refraction  of  the  eye  should  be  met  by  corresponding  increase 
or  decrease  in  the  strength  of  the  glasses  worn.  The  state  of  the 
ocular  muscles  should  be  frequently  tested,  and  weak  muscles 
strengthened  by  prism  exercise.  Reading  in  the  stooping  position, 
in  bed,  in  insufficient  light,  on  trains,  holding  the  book  close  to 
the  eyes,  and  constriction  of  the  neck  should  be  avoided. 

Optical  Treatment. — Myopia  has  been  divided  into  "low," 
up  to  3  D;  ** medium,'*  from  3  D  to  6  D;  and  "high,"  above  6  D. 
Excessive  myopia,  associated  with  extensive  fundus  changes,  is 
termed  "malignant." 

Low  and  medium  myopia  demand  for  their  accurate  esti- 
mation the  prolonged  use  of  a  cycloplegic  in  order,  first,  to  reduce 
the  eye  to  an  absolutely  static  condition  uninfluenced  by  the 
accommodation,  and,  second,  to  put  the  eye  at  rest  and  relieve 
choroidal  congestion.  In  high  myopia  cycloplegia  is  undesirable 
for  the  examination,  since  the  extra-pupillary  area  of  the  cornea 
and  lens  have  a  higher  refractive  power  than  the  axial  portion. 
The  concave  glass  that  gives  the  best  vision,  therefore,  overcor- 
rects  the  defect.  This  disadvantage  of  mydriasis  obtains  in  all 
cases  of  myopia,  but  in  the  lower  grades  it  is  insignificant.  It 
can  in  part  be  overcome  by  the  use  of  a  metal  disk  with  a  small 
pupil,  or  preferably  by  post-mydriatic  examination.  The  eyes 
should    be    tested   separately,   and    the  weakest   concave    glass 
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which  gives  the  sharpest  vision  at  6  meters  is  the  measure  of 
the  myopia. 

Astigmatism,  which  is  associated  with  myopia  in  90  per  cent, 
of  the  cases,  must  be  excluded,  or  its  degree  determined,  before 
the  examination  as  described  above  can  be  completed. 

Ordering  the  Glasses, — The  age  and  occupation  of  the  indi- 
vidual, the  degree  of  the  myopia,  and  the  purpose  for  which  glasses 
are  required  determine  the  strength  of  the  lens  to  be  ordered. 
The  following  rules  may  be  used  in  prescribing  for  average  cases 
unassociated  with  astigmatism. 

1.  Low  myopia:  Up  to  the  age  of  thirty-five  years,  full  correc- 
tion to  be  worn  constantly;  after  thirty-five  years,  full  correction 
for  distance,  no  glass  for  near. 

2.  Medium  myopia:  Up  to  thirty  years,  full  correction  to  be 
worn  constantly;  after  thirty  years,  full  correction  for  distance, 
3  D  less  than  full  for  near. 

3.  High  myopia  (6  to  12  D)  for  all  ages:  Full  correction  may  be 
prescribed  for  distance,  provided  (a)  the  patient  has  worn  suitable 
glasses;  (6)  that  his  occupation  or  pleasure  demands  the  fullest 
acuity  of  vision  for  distance;  (c)  that  his  ocular  muscles  are  fairly 
well  balanced;  (d)  that  the  degree  of  myopia  is  approximately 
equal  in  the  two  eyes.  Partial  correction  only  may  be  prescribed 
for  near,  the  strength  of  the  glass  averaging  3  D  less  than  full. 

4.  Malignant:  Full  correction  cannot  be  borne.  Apparent 
diminution  in  size  of  objects  and  their  distortion,  the  inability  to 
estimate  space  and  distance,  and  diplopia  give  rise  to  mental 
symptoms  that  are  prohibitive.  Glasses  that  leave  2  D  or  more 
of  myopia  uncorrected  are  comfortable  and  give  satisfactory 
vision. 

Operative  Treatment. — ^Needling  of  the  lens  and  subsequent 
extraction  of  the  fragments  from  the  anterior  chamber  is  a  justifi- 
able operation  (i)  when  vision  cannot  be  materially  improved  by 
lenses;  (2)  when  the  fundus  changes  are  not  so  marked  as  to 
prevent  useful  vision  after  operation;  and  (3)  when  the  myopia 
is  15  D  or  more.  The  refraction  of  the  crv^stalline  lens  in  high 
myopia  equals  that  of  a  concave  glass  of  about  17  D  when  that 
glass  is  placed  one-half  inch  in  front  of  the  eye.     Therefore  17  D 
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of  myopia  or  less  can  be  cured  by  removal  of  the  lens.     The  opera- 
tion is  performed  as  follows: 

The  stop-needle  is  passed  through  the  cornea  between  the 
center  and  periphery,  the  anterior  capsule  of  the  lens  freely  lacer- 
ated, and  the  transparent  lens  broken  up.  In  a  few  days  the 
opaque  lens  fragments  are  removed  from  the  anterior  chamber 
through  an  incision  in  the  cornea  by  the  operation  of  linear  ex- 
traction (page  325).  Many  operators  prefer  a  second  needling 
of  the  lens  to  linear  extraction. 

The  remaining  ametropia  and  presbyopia  are  corrected  by 
glasses.  The  operative  treatment  is  not  advisable  in  marked 
retinal  or  choroidal  degeneration,  disease  of  the  vitreous,  in  persons 
of  advanced  years,  or  in  individuals  blind  in  one  eye. 

Hyperopia  (H.). 
The  state  of  the  eye  is  that  of  deficient  refracting  power.  The 
antero-posterior  axis  is  too  short,  the  refracting  power  of  the 
dioptric  system  too  weak,  or  the  index  of  refraction  is  too  low  to 
focus  parallel  rays  on  the  retina  (Fig.  52).  The  hyperopic  eye  is 
adapted,  when  the  accommodation  is  at  rest,  to  rays  that  are  con- 
verging before  they  reach  the  cornea.     For  clear  perception  of  all 


Fig.  52. — Hyperopia.     Parallel  rays     Fig.  53.— Correction  of  Hyperopia  by 
focused  behind  the  retina.  a  Convex  Lens. 

objects  at  6  meters  or  nearer,  the  refracting  power  of  the  eye  must 
be  increased,  either  by  the  accommodation  or  by  a  convex  glass. 
Thus  in  Fig.  53  the  convex  lens  converges  parallel  rays  and  brings 
the  focal  point  F  to  F',  on  the  retina. 

The  eye  is  small  in  all  its  diameters.  The  anterior  chamber 
is  slightly  shallowed,  and  the  pupil  apt  to  be  contracted.  The 
angle  alpha  is  large,  so  that  the  eyes  seem  to  be  divergent.  Com- 
parisons between  the  ciliary  bodies  of  hj^Deropia,  cmmetropia,  and 
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Bi 


myopia  show  a  relatively  large  ciUary  body  and  hj^ertrophy  of 
the  circubr  fibers  in  hyperopia. 

Causes. — Hj^eropia  is  congenital  in  the  great  majority  of 
cases.  As  the  body  grows  the  diameters  of  the  eye  increase,  but 
their  proportionate  lengths  are  unchanged  t  and  the  hyperopia  is 
preserved.  It  is  acquired  after  cataract  extraction,  in  total  and 
sometimes  in  partial  dislocation  of  the  lens,  in  pathologic  flattening 
of  the  cornea,  in  retinitis  in  the  neighborhood  of  the  fovea,  and  by 
physiologic  decrease  in  the  corneal  cur\^e  in  advancing  years. 
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Course* — Hyperopia  has  a  tendency  to  increase  after  fifty 
years  of  age,  but  earlier  in  life  it  is  prone  to  decrease,  and  the 
refraction  become  myopic.  The  change j  however,  are  slight, 
seldom  exceeding  2  diopters.  They  are  unattended  by  structural 
alterations  in  the  tissues,  and  never  threaten  the  integrity  of  the 
e>'e. 

Accommodation  in  Hyperopia, — Hyperopia  may  be  in  part 
or  whoUv  concealed  bv  involuntary  contraction  of   the   ciliarv 
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muscle,  induced  and  maintained  by  the  unconscious  efifort  for 
clear  vision,  and  is  a  reflex  action.  In  his  desire  to  see  distinctly, 
the  hyperope  increases  the  refraction  of  the  lens  and  possibly 
the  cornea  by  contraction  of  the  ciliary  muscle  and  the  iris 
until  the  focus  of  the  dioptric  system  is  brought  forward  on  to 
the  retina,  replacing  the  circles  of  diffusion.  Young  persons  are 
capable  of  overcoming  2  or  3  D  or  even  more  of  hyperopia,  whereas 
old  persons,  whose  muscular  power  in  general  is  weakened  and 
whose  lenses  have  lost  their  elasticity,  have  no  accommodation. 

Hyperopia  is  latent,  manijest,  or  absolute.  The  accommoda- 
tion conceals  all  of  the  latent  and  none  of  the  manifest.  H}T)eropia 
is  manifest  when  the  defect  cannot  be  wholly  overcome  by  the 
accommodation.  Absolute  hyperopia  may  therefore  comprise 
both  latent  and  manifest,  or  it  is  entirely  manifest. 

Far  Point, — The  far  point  is  behind  the  retina,  and  is  that 
point  at  which  parallel  rays  entering  the  cornea  would  be  focused 
were  they  not  interrupted  by  the  retina,  or  the  point  from  which 
diverging  rays  as  they  pass  out  of  the  eye  seem  to  emanate.  Its 
distance  is  equal  to  the  focal  length  of  the  glass  that  corrects  the 
hyperopia.  If  we  take  the  words  '*far  point"  in  their  literal  sig- 
nificance, the  hyperopic  eye  has  no  far  point. 

Near  point  is  the  minimum  distance  from  the  eye  that,  by  the 
strongest  effort  of  accommodation,  a  point  can  be  focused  on  the 
retina.  The  distance  of  the  near  point  from  the  eye  is  shortest 
at  about  the  twelfth  year,  and  slowly  increases  as  age  advances 
until  the  near  point  and  the  far  point  coincide. 

Symptoms. — They  are  well  marked  and  distinctive  of  refractive 
error,  or  are  so  vague  and  ill  defined  that  their  ocular  source  is  not 
considered  until  treatment  directed  to  other  organs  has  failed  to 
give  relief.  The  local  symptoms  are  pain  in  and  about  the  eye 
induced  or  aggravated  by  near  use,  blurring  of  the  letters  in  read- 
ing, inability  to  continue  close  work,  and,  if  the  hyperopia  is  high, 
lowered  acuity  of  vision.  The  general  or  reflex  symptoms  are 
headache  and  other  indications  of  disturbed  function  of  the 
nervous  system,  such  as  irritability,  depression,  and  indigestion. 
The  doubt  as  to  whether  the  headache  is  ocular  or  general  in  its 
origin  may  often  be  set  aside  by  the  use  of  a  cycloplegic.     If  due 
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to  the  eflFort  to  overcome  the  hyperopia  by  constant  ciliary  con- 
traction, it  will  disappear  immediately  or  in  a  few  hours  after  full 
paralysis  of  accommodation.  The  same  test  may  be  applied  to 
discover  the  origin  of  other  ner\'ous  phenomena,  such  as  chorea, 
blepharospasm,  etc.,  and,  by  relaxing  the  ciliary  strain,  cause  their 
disappearance. 

The  acuity  of  vision  in  hyperopia  varies  according  to  the  power 
of  accommodation,  and  in  young  persons  is  almost  no  indication  of 
the  amount  of  defect.  The  passing  over  of  latent  into  manifest  hy- 
peropia is  accompanied  by  diminution  of  central  vision,  and  finally 
when  the  hyperopia  is  absolute,  vision  is  at  its  lowest  acuity. 

Diagnosis. — The  strongest  convex  glass  with  which  full  acuity 
of  vision  is  obtained  is  the  measure  of  the  manifest  hyperopia. 
Except  in  high  degrees,  or  after  forty  years  of  age,  but  little  in- 
formation of  value  can  be  obtained  by  near  tests.  Such  tests  are 
of  value  in  learning  the  distance  at  which  the  individual  is  accus- 
tomed to  hold  his  book,  whether  the  act  of  reading  is  binocular, 
and  whether  both  eyes  participate  equally. 

Ophthalmoscopy, — The  fine  vessels  in  the  neighborhood  of  the 
fovea  should  be  studied.  The  experienced  observer  voluntarily 
relaxes  his  accommodation  and  that  of  the  patient  is  relaxed  by 
gazing  at  a  distant  dark  wall.  Beginning  with  no  refracting  lens 
behind  the  sight-hole,  the  examiner  rotates  convex  glasses  until 
the  view  of  the  fundus  vessels  becomes  dulled.  The  strongest 
lens  through  which  the  vessels  can  be  clearly  seen  is  the  measure 
of  the  hj'peropia. 

Retinoscopy, — The  rays  of  light  reflected  from  the  retina  of 
a  hyperopic  eye  diverge,  and  there  is  no  point  of  reversal.  The 
apparent  movement  of  the  area  of  light  in  the  pupil  is  with  the 
light  on  the  face  in  all  meridians  and  at  all  distances.  In  deter- 
mining the  degree  of  the  hyperopia,  a  spherical  convex  lens  is 
required  which  will  change  the  direction  of  the  rays  from  diver- 
gence to  convergence  and  bring  them  to  a  focus  at  a  convenient 
distance  (i  meter).  The  point  of  reversal  is  then  determined  in 
the  usual  manner.  Since  the  convergence  of  the  rays  at  one 
meter  is  equal  to  the  strength  of  a  lens  of  this  focal  distance,  i  D 
must  be  deducted  from  the  total  strength  of  the  lens  found. 
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Optical  Treatment. — (i)  Latent. — Under  cycloplegia  the  ab- 
solute hyperopia  is  determined  and  proved  by  the  usual  tests. 
The  final  estimation  is  by  the  method  of  the  test  lenses  and  test 
cards.  The  lens  that  gives  full  visual  acuity  is  the  measure  of 
the  total  hyperopia.  The  patient  is  asked  to  read  the  smallest 
letters  on  the  test  card  that  he  can  decipher  at  6  meters  distance 
from  one  eye,  the  other  being  excluded  from  the  act  of  vision.  A 
convex  glass,  determined  approximately  (or  exactly)  by  other  tests, 
is  placed  in  the  frame  and  the  effect  on  vision  noted.  This  glass 
is  modified  if  necessary  until  no  further  improvement  in  vision 
can  be  made.  Astigmatism,  an  important  factor  in  the  majority 
of  cases  of  hyperopia,  will  prevent  full  sharpness  of  sight  through 
spherical  lenses.  It  must  be  corrected  or  excluded  in  every  case. 
In  general  full  correction  is  ordered  (a)  only  when  the  hyper- 
opia is  low  and  the  glass  is  desired  for  close  work.  Exceptionally 
it  should  be  recommended  for  constant  wear,  particularly  in 
inflammation  or  congestion  of  the  uveal  tract,  {b)  When  the 
symptoms  are  severe  and  full  rest  of  the  accommodation  is  essen- 
tial for  comfort. 

(2)  Latent  and  Manifest. — The  accommodation  must  be 
paralyzed,  and  the  adaptation  and  ordering  of  glasses  carried 
on  as  described  above.  As  a  rule,  glasses  for  constant  wear  will 
be  needed,  or  one  pair  for  distance  (less  than  full  correction) 
and  one  for  near  (full  correction)  are  needed. 

(3)  Absolute. — No  cycloplegia  is  required.  The  full  correction 
should  always  be  ordered  for  distant  wear,  with  the  addition  of 
the  presbyopic  glass  for  near. 

It  is  customary  in  the  majority  of  cases  in  which  the  refraction 
is  estimated  under  cycloplegia  to  postpone  the  ordering  of  the 
glasses  until  accommodation  has  returned.  The  full  correction 
can  then  be  modified  for  the  purposes  for  which  glasses  are  needed. 
In  low  defects  postponement  is  unnecessary^  and  the  glass  can 
be  ordered  as  soon  as  determined.  The  objection  to  a  full  cor- 
rection of  high  hyperopia  by  patients  is  a  real  and  practical  one. 
They  decline  to  wear  glasses  that  obscure  the  vision,  and  thus 
the  therapeutic  value  of  glasses  is  lost. 
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Acquired  Hyperopia  in  Aphakia. — The  refraction  of  the 
dioptric  system  in  aphakia  must  be  increased  by  the  addition  of 
a  lens,  equaling  in  emmetropia  about  10  D,  in  hyperopia  10  D 
plus  the  pre-existing  hyperopia,  and  in  myopia  10  D  minus  the 
pre-existing  myopia.  The  healing  of  the  corneal  incision  after 
cataract  extraction  creates  a  hyperopic  astigmatism  with  its  axis 
usually  horizontal.  This  gradually  disappears.  In  all  glasses 
for  aphakia  the  astigmatic  correction  must  be  combined  with  the 
spherical. 

Astigmatism  CAs.). 

Astigmatism  is  a  difference  in  the  refraction  of  two  principal 
meridians  of  the  dioptric  system.  Astigmatism  of  the  cornea 
signifies  that  the  anterior  surface,  and  to  a  certain  extent  the 
posterior,  has  more  than  one  length  of  radius  of  cur\'ature;  astig- 
matism of  the  lens,  more  than  one  length  of  radius  for  the  pupillar}' 
area  of  the  anterior  surface.  An  (transparent)  astigmatic  body 
has  two  principal  meridians  at  right  angles  to  each  other  and 
two  principal  axes  also  at  right  angles  to  each  other.  The  bowl 
of  a  spoon  is  a  familiar  illustration.  It  is  a  cylindrical  body  of 
which  the  long  axis  is  opposite  to  the  meridian  of  shortest  cur- 
vature and  the  short  axis  opposite  that  of  the  greatest  curv^ature. 
In  reference  to  the  cornea,  the  horizontal  diameter  is  the  axis 
of  the  vertical  meridian  and  the  vertical  diameter  is  the  axis  of 
the  horizontal  meridian. 

Astigmatism  is  regular  when  the  meridians  of  greatest  and 
least  curvature  are  at  right  angles  to  each  other,  and  all  the  radii 
of  curvature  are  of  proportionate  length.  It  is  irregular  when 
the  meridians  are  at  other  than  right  angles  to  each  other,  and 
the  radii  of  curvature  of  other  portions  of  the  cornea  vary  dis- 
proportionately. Regular  astigmatism  is  correctable  by  lenses 
ground  in  the  form  of  cylinders;  irregular  astigmatism  is  incor- 
rectable  by  lenses. 

Parallel  rays  of  light  entering  an  astigmatic  cornea  are  con- 
verged to  form  a  line  of  focal  points  instead  of  one  focus,  the 
anterior  extremity  of  the  line  being  the  focus  of  that  part  of  the 
dioptric  system  that  has  the  shortest  radius  of  curvature,  and 
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the  posterior  extremity  of  the  line,  the  longest  radius  of  cur\'ature. 
The  intermediate  points  of  the  line  are  the  foci  of  sections  of 
the  dioptric  system  lying  successively  between  the  section  of 
greatest  and  the  section  of  least  cur\'ature. 

Course. — Astigmatism  is  congenital  with  few  exceptions.  It 
is  the  result  of  asymmetry  of  the  cornea,  seldom  of  the  lens,  and 
has  been  attributed  to  intrauterine  causes.  If  uncorrected  it 
usually  undergoes  changes  during  the  period  of  activity  of  the 
accommodation.  High  grades  may  remain  stationary  both  as 
to  degree  and  axis. 

Symptoms. — The  acuity  of  vision  depends  upon  the  degree 
and  kind  of  the  astigmatism  and  upon  the  strength  of  the  accom- 
modation. Asthenopia  is  marked,  especially  in  low  degrees.  The 
local  and  reflex  symptoms  are  sometimes  severe,  and  exert  a 
pernicious  influence  on  the  general  health.  They  consist  of  diffi- 
culty in  sustained  close  work,  narrowing  of  the  commissure  in 

the  endeavor  for  clearer 
\ision,  blurring  of  the  let- 
ters, the  unconscious  ap- 
proximation to  the  eyes  of 
the  book  or  paper,  and 
headache  and  dull  sight 
proportionate  to  the  degree 
of  defect. 

Diagnosis. — By  Test 
Cards. — The  tests  are  con- 
ducted under  complete  cy- 
cloplegia  in  all  persons 
under  forty  years  of  age. 
The  patient  is  asked  to  de- 
fine the  position  of  the  line 
that  he  sees  best  at  6  meters.  This  line  is  in  the  emmetropic  meri- 
dian, and  is  at  right  angles  to  the  least  refracting  meridian.  The 
lines  on  the  astigmatic  chart  (Fig.  55)  are  not  equally  black,  and  the 
cylinder,  with  its  axis  in  the  plane  of  the  most  indistinct  line  which 
equalizes  them,  measures  the  astigmatism.  When  the  axis  is  hori- 
zontal or  approximately  horizontal,  the  astigmatism  is  said  to  be  **ac- 


FiG.  55. — Astigmatic  Chart. 
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cording  to  the  rule";  when  the  axis  is  vertical,  or  approximately 
vertical,  the  astigmatism  is  said  to  be  "against  the  rule";  when 
in  the  neighborhood  of  45  degrees  or  135  degrees,  "oblique." 

Ophthalmoscopy. — In  astigmatism,  the  refraction  of  the  merid- 
ians of  greatest  and  of  least  ametropia  is  measured.  For  this 
purpose  it  is  customary  to  select  the  vessels  that  pass  from  the 
disk  to  the  macula,  and  their  vertical  branches.  The  pigment 
layer  of  the  retina  is,  if  plainly  visible,  a  more  suitable  test  than 
the  retinal  vessels.  The  strength  of  lens  required  to  focus  clearly 
the  vessels  in  the  least  or  in  the  most  refracting  meridian  is  first 
determined,  and  then  the  vessels  lying  in  the  opposite  direction, 
the  difference  being  the  degree  of  astigmatism  present.  Thus, 
if  it  requires  a  lens  of  i  D  to  see  clearly  the  vessels  in  one  meridian 
and  3  D  for  those  at  right  angles,  we  have  2  D  of  astigmatism 
associated  with  i  D  of  spherical  error. 

Retinoscopy, — The  reversal  points  of  the  two  meridians  are 
at  different  distances  from  the  cornea,  and  the  shadow  in  the  pupil 
presents  the  usual  typical  band.  The  application  of  the  test  to 
the  different  varieties  of  astigmatism  is  described  on  page  68. 

Varieties  of  Regular  Astigmatism. — Regular  astigmatism 
is  simple  myopic,  simple  hyperopic,  compound  myopic,  compound 
hyperopic,  and  mixed. 

Simple  Myopic  Astigmatism  (M.  As.). — One  principal  merid- 
ian of  the  cornea  is  myopic  and  the  other  principal  meridian 
is  emmetropic.  The  focus  of  the  former  falls  in  front  of  the 
retina,  that  of  the  latter  on  the  retina.  The  myopic  meridian  in 
the  majority  of  cases  is  the  vertical  curve  of  the  cornea,  axis  hori- 
zontal, but  it  may  lie  in  any  direction. 

Compotmd  Myopic  Astigmatism  (Comp.  M.  As.). — The  eye 
is  myopic  in  all  meridians,  but  one  of  the  principal  meridians 
is  more  myopic  than  that  at  right  angles  to  it.  Parallel  rays  of 
light,  converged  by  the  dioptric  apparatus,  cross  each  other  in 
the  vitreous.  The  retina  receives  modified  circles  of  diffusion 
made  by  the  continuation  of  the  rays  after  they  have  crossed  in 
the  vitreous. 

Course, — The  tendency  of  compound  myopic  astigmatism  is 
to  increase  during  the  first  thirty-five  years  of  life.     After  the 
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accommodation  has  been  abolished  by  time,  and  the  sclera  has 
ceased  to  stretch,  the  defect  remains  practically  stationary  for 
some  years,  and  then  diminishes  as  the  cornea  flattens.  In  the 
high  grades,  however,  the  tendency  to  increase  is  marked,  and  is 
continued  after  thirty-five  years.  The  sequels  of  high  compound 
myopic  astigmatism  are  those  of  high  myopia — namely,  atrophy 
of  the  choroid,  detachment  of  the  retina,  and  vitreous  opacities. 

Symptoms. — ^The  acuity  of  vision  for  distance  is  subnormal, 
as  in  myopia,  and  near  vision  is  relatively  good.  Distant  vision 
cannot  be  improved  by  accommodative  effort.  The  effect  of  the 
low  degrees  of  astigmatism  may  be  partly  overcome  in  near  vision 
by  accommodation.  Muscular  imbalance  is  common.  Diver- 
gence either  latent  or  manifest  is  the  rule. 

Diagnosis, — (For  tests  by  ophthalmoscopy  and  retinoscopy, 
see  page  68.)  The  ophthalmometer  shows  unequal  corneal  cur- 
vature in  all  meridians. 

The  distant  vision  is  improved  by  a  concave  spherical  glass, 
but  full  acuity  is  secured  only  by  the  addition  of  a  concave  cylinder, 
with  its  axis  parallel  to  the  most  blurred  line  of  the  astigmatic  chart. 

Treatment  by  Glasses, — For  defects  lower  than  3  D,  and  in 
young  persons,  a  cycloplegic  should  be  used.  The  examiner  has 
the  choice  of  two  methods  in  the  adaptation  of  the  correcting 
lenses.  He  may  either  neutralize  the  spherical  part  of  the  defect 
first,  and  then  the  astigmatic,  or  vice  versa.  The  least  myopic 
meridian  is  brought  to  its  fullest  visual  acuity  by  a  concave  spheri- 
cal. This  glass  will  improve  all  lines  in  the  astigmatic  card, 
undercorrecting  the  meridian  of  greatest  refraction  of  the  eye. 
The  blurred  lines  of  the  card  are  brightened  by  the  addition  of 
a  concave  cylinder,  with  the  axis  in  the  plane  of  the  dullest  lines. 
With  both  lenses  the  astigmatic  chart  should  show  no  distinction 
of  shade  in  the  lines,  and  on  the  letter  card,  the  line  corresponding 
to  the  distance  of  the  patient  from  the  card  should  be  read  without 
mistake. 

Since  the  tendency  of  myopic  astigmatism  is  to  increase  in 
young  persons,  changes  in  the  refraction  should  be  followed  by 
corresponding  changes  in  the  glasses.  Frequent  examination  is 
advisable. 
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Spurious  myopia  and  myopic  astigmatism,  commonly  called 
"spasm  of  the  accommodation,"  is  that  condition  of  increased 
refraction  due  to  overaction  of  the  ciliary  muscle.  Thus 
myopia  and  myopic  astigmatism  (low  grades)  are  apparently 
higher,  and  hyperopic  astigmatism  masquerades  as  mixed  or 
myopic  astigmatism.  Its  presence  can  only  be  diagnosed  under 
cydoplegia,  by  which  the  lens  and  cornea  resume  their  true 
refraction. 

Simple  Hyperopic  Astigmatism  (H.  As.). — One  principal 
meridian  of  the  dioptric  apparatus  is  emmetropic  and  the 
other  is  hyperopic.  The  axis  of  the  meridian  of  least  curvature 
is  vertical  in  the  majority  of  cases,  "with  the  rule";  if  its  position 
is  reversed,  "against  the  rule";  and  if  at  45  degrees  or  135  degrees, 
"oblique." 

Parallel  rays  of  light  entering  the  cornea  are  refracted  into 
a  line,  one  end  of  which,  that  pertaining  to  the  emmetropic  merid- 
ian, is  on  the  retina.  Rays  refracted  by  the  ametropic  merid- 
ians combine  to  form  circles  of  diffusion. 

Compound  Hyperopic  Astigmatism  (Comp.  H.  As.). — All 
meridians  of  the  dioptric  media  are  hyperopic,  but  one  of  the 
principal  meridians  is  more  hyperopic  than  that  at  right  angles 
to  it. 

Parallel  rays  of  light  converge  to  a  line  of  focal  points  behind 
the  retina.  The  anterior  extremity  of  the  line  is  the  focal  point 
of  the  least  hj^peropic  meridian  and  the  posterior  extremity  is 
the  focal  point  of  the  most  hyperopic  meridian. 

Course. — Compound  hyperopic  astigmatism  may  remain  prac- 
tically unchanged  for  years  and  only  increase  late  in  life  as  the 
result  of  the  natural  decrease  of  curvature  of  the  cornea.  Low 
degrees  may  pass  over  into  myopia  or  compound  myopic  astig- 
matism, as  the  result  of  constant  and  violent  ciliar}'  contraction. 
The  early  recognition  of  the  defect  and  the  wearing  of  glasses 
through  the  developing  period  of  life  and  in  adult  age,  probably 
help  to  preserve  the  eye  from  disease. 

Symptoms. — The  symptoms  are  identical,  although  exaggerated, 
with  those  of  hyperopic  astigmatism.  The  accommodation  plays 
the  r61e  already  described   under  hy]>cropia,  in   increasing  the 


go  REFRACTION  OF  THE  EYE. 

refraction  of  the  lens  in  part  or  wholly  concealing  the  defect. 
The  constant  contraction  of  the  ciliary  muscle  essential  for  good 
vision  entails  a  variety  of  local  and  reflex  symptoms. 

Diagnosis. — (Ophthalmoscopy  and  retinoscopy  have  been 
described  on  page  68.)  The  opthalmometer  shows  a  lessened 
corneal  curvature,  and  the  overlapping  of  the  mires  indicates  the 
astigmatism. 

In  no  refractive  error  is  the  use  of  a  cycloplegic  of  greater 
value  in  estimating  the  degree  of  the  defect  than  in  compound 
hjrperopic  astigmatism.  Under  complete  mydriasis  the  diagnosis 
is  established  instantly  by  the  improvement  of  vision  by  convex 
glasses.  Before  the  instillation  of  the  drug  vision  may  equal  f ; 
afterward,  when  the  ciliary  muscle  is  paralyzed,  less  than  normal. 

Optical  Treatment, — The  lenses  selected  by  other  tests  are 
adjusted  in  the  trial  frame  before  the  patient's  eye.  Modification 
of  the  strength  of  the  spheres  and  cylinders  and  of  the  axis  of 
the  cylinder  is  attempted  with  weak  minus  and  plus  spheres  and 
cylinders,  and  by  revolving  the  latter.  As  in  compound  myopic 
astigmatism,  the  spherical  defect  may  be  corrected  before  the 
astigmatic  or  vice  versa.  The  axis  of  the  astigmatism  must, 
however,  be  determined  before  the  hyperopia  that  is  common 
to  all  meridians  can  be  fully  neutralized. 

Mixed  Astigmatism. — One  principal  meridian  of  the  re- 
fracting media  is  h^'peropic  and  the  other  principal  meridian 
at  right  angles  to^t  is  myopic.  The  radius  of  cur\'ature  of  the 
fo  mer  is  longer,  and  that  of  the  latter  shorter,  than  the  radius 
of  cur\-ature  of  the  emmetropic  eye.  Parallel  rays  of  light  are 
converged,  so  that  part  of  them  have  their  focal  points  in  front 
and  part  behind  the  plane  of  the  retina.  The  most  anterior  focus 
is  that  of  the  meridian  of  shortest  cur\'ature,  the  myopic  meridian, 
and  the  posterior  focus  is  that  of  the  meridian  of  least  cur\aturc 
or  longest  radius,  the  hj'peropic  meridian. 

Course, — It  is  commonly  corneal,  rarely  lenticular,  and  is 
congenital  or  acquired.  In  either  case  heredity  is  an  important 
factor  in  its  causation.  The  acquired  form  is  often  the  result 
of  transition  from  hyperopic  astigmatism,  particularly  in  persons 
whose  progenitors  have  been  myopic.    The  axis  of  the  astigma- 
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tism  is  also  subject  to  modification,  owing  to  the  changes  in  curve 
of  the  cornea  from  the  irregular  and  uncoordinated  action  of 
the  extrinsic  muscles  common  in  mixed  astigmatism.  Irregular 
contraction  of  the  ciliary  muscle  is  also  responsible  for  changes. 

Symptoms, — The  vision  is  blurred  at  all  distances.     A  point* 
of  light  appears  as  a  star,  or  a  streak.     Asthenopia  and  headache 
in  distant  and  near  prolonged  use  of  the  eyes  are  pronounced. 

Diagnosis, — The  ophthalmoscopic  determination  of  mixed 
astigmatism  is  by  no  means  easy.  Contraction  of  the  ciliary 
muscle  in  the  case  of  either  the  obser\'er  or  the  patient  will  conceal 
the  hyperopia  and  exaggerate  the  myopia.  The  ophthalmometer 
shows  decided  overlapping  or  separation  of  the  mires,  and  the 
retinoscope  a  well-marked  band  of  light  in  the  pupil.  The  de- 
finition of  the  lines  in  the  astigmatic  chart  at  6  meters  is  not  a 
reliable  test  of  the  degree  or  the  axis  of  the  defect,  since  it  may  be 
that  none  of  the  lines  is  distinctly  seen,  or  they  may  present  no 
differences.  A  convex  spherical  lens  will  bring  out  the  line  in  the 
hyperopic  meridian  and  dull  the  others,  a  concave  spherical  will 
bring  out  the  lines  in  the  myopic  meridian  and  dull  those  of  the 
h)'peropic  meridian. 

Treatment, — F'ull  correction  will  retard  the  changes  in  the 
refraction  to  which  the  eye  is  prone,  give  clear  vision  for  distance 
and  for  near,  and  afford  relief  to  the  asthenopia  and  headache. 
Unless  the  defect  is  unusually  high,  a  few  days'  wearing  of  the 
accurate  correction  will  suffice  to  relieve  mental  and  ocular  an- 
noyances. 

Anisometropia  means  unequal  refraction  of  the  two  eyes. 
The  word  is  applied  only  to  those  cases  in  which  the  difference 
in  the  refraction  equals  2  D  or  more.  One  eye  may  be  emme- 
tropic and  the  other  myopic  or  hyperopic,  or  one  may  be  myopic 
and  the  other  hyperopic  (antimetropia).  Strabismus  is  a  frequent 
complication.  In  those  cases  in  which  binocular  vision  exists 
for  all  distances,  full  correcting  lenses  for  each  eye  should  be  worn. 
If,  however,  full  correction  gives  rise  to  asthenopia  or  diplopia, 
it  should  be  prescribed  for  the  better  eye  and  partial  correction 
or  no  glass  for  the  worse  eye. 
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Presbyopia. 

Presbyopia  is  a  recession  of  the  near  point  due  to  loss  of  power 
of  the  ciliary  muscle  and  of  decreased  elasticity  of  the  lens.  In 
the  emmetropic  eye  a  clear  perception  of  distant  objects  is  secured 
by  the  aid  of  the  dioptric  apparatus  alone,  but  distinct  vision  of 
near  objects  requires  increase  in  the  refraction.  The  closer  the 
object  is  brought  to  the  eye,  the  greater  must  be  the  accommo- 
dative effort,  until  a  point  is  reached  at  which  the  ciliary  muscle 
has  expended  its  force  and  the  lens  has  reached  its  maximum 
convexity.  Nearer  than  this  point  the  image  of  the  object  be- 
comes blurred.  The  difference  in  refraction  of  the  crystalline 
lens  when  the  eye  is  adjusted  for  infinity  and  for  the  nearest  point 
of  clearest  vision  expresses  the  power  of  accommodation.  In 
emmctropia  the  power  or  amplitude  of  accommodation  equals  a 
lens  whose  focal  length  corresponds  to  the  nearest  point  of  vision. 
Thus,  if  the  near  point  is  20  cm.  from  the  eye,  the  increase  in  the 
refraction  of  the  crystalline  lens  necessary  to  see  at  this  distance 
equals  a  lens  of  20  centimeters  focus,  or  5  D.  With  advancing 
years  there  is  a  decrease  in  the  contractility  of  the  ciliary  muscle, 
the  lens  becomes  stiff  and  inelastic,  and  the  near  point  recedes. 
The  recession  begins  about  the  twelfth  year,  but  since  objects 
are  not  brought  as  close  to  the  eye  as  the  near  point  in  early  life 
the  failure  of  the  accommodation  is  unnoticed.  A  time  arrives, 
however,  when  reading  and  other  near  use  of  the  eyes  at  the  ac- 
customed distance  causes  asthenopia.  This  condition  is  known 
as  presbyopia,  or  old  sight,  and  manifests  itself  between  the  ages 
of  forty  and  forty-five  years. 

Symptoms. — Discomfort  in  the  use  of  the  eyes  and  imper- 
fect vision  at  the  usual  near  point,  especially  by  artificial  light, 
are  the  earliest  symptoms.  Soon  close  work  becomes  diflicult 
during  the  day  even  in  good  light.  During  this  time  distance 
vision  may  have  continued  normal.  Impaired  health,  general 
muscular  weakness,  and  refractive  errors  hasten  the  need  for 
glasses  for  near  work.  In  low  grades  of  myopia,  less  than  3  D, 
the  use  of  reading  glasses  is  delayed  for  many  years. 

Range  of  Accommodation. — In  testing  for  presbyopia  any 
error  of  refraction  is  first  corrected.     Tests  for  near  vision  arc 
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then  made  through  the  distance  glasses.  The  reading  distance 
is  recorded  as  the  near  point  of  the  eye. 

According  to  Bonders,  presbyopia  begins  when  the  near  point 
has  receded  to  22  cm.  (9  inches).  This  usually  occurs  in  the 
emmetropic  eye  at  about  the  age  of  forty,  when  the  near  point 
is  at  28  cm.  (12  inches)  and  glasses  for  close  work  are  needed. 
The  degree  of  presbyopia  is  measured  by  the  strength  of  lens 
required  to  bring  the  near  point  again  to  22  cm.  At  this  distance 
the  amount  of  accommodation  in  force  is  4.5  D  (obtained  by 
dividing  22  cm.  into  i  meter  or  100  cm.),  and  at  28  cm.  it  equals 
3.5  D,  so  that  the  lens  required  to  bring  the  point  again  to  22  cm. 
would  be  I  D. 

In  the  following  table  is  shown  the  progressive  loss  of  accommo- 
dation with  increasing  age,  the  near  point  in  centimeters,  and 
the  lens  recjuired  in  presbyopia  to  bring  the  near  point  to  22  cm. 


Ar.K. 

Accommodation 

Near  Point  in 

Lkns. 

IN    blOPTEKS. 

Ckntimetkrs. 

15 

12.00 

8.4 

20 

10.00 

lO.O 

25 

8.50 

12.0 

30 

7.00 

14.0 

35 

5-50 

18.0 

40 

4.50 

22.0 

0.50 

45 

3-50 

28.0 

1. 00 

50 

2.50 

40.0 

2.00 

55 

1-75 

55-0 

2.5c 

60 

1. 00 

lOO.O 

2.75 

65 

0-75 

140.0 

3-00 

The  strength  of  the  lens  to  relieve  presbyopia  is  usually  con- 
sidered to  equal  i  D  at  forty-live,  and  an  additional  i  D  for  each 
five  years  after  that  time.  While  such  an  increase  may  appear 
to  be  indicated,  it  is  found  in  practice  that  lenses  ordered  by 
this  rule  are  too  strong.  The  occupation  of  the  individual  and 
the  distance  at  which  the  work  is  done  should  be  considered  in 
prescribing  lenses  for  presbyopia. 

Bifocal  Glasses. — The  lenses  for  distance  and  near  may  be 
combined  in  one  frame,  the  former  above  and  the  latter  below. 

The  lower  or  reading  portion  of  the  lens  may  be  arranged 
in  one  of  several  ways.     The  early  form  of  lens,  as  first  worn 
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by  Franklin  (Fig,  56).  consisted  of  two  separate  pieces.  This 
glass  has  been  superseded  by  the  combination  shown  in  Fig.  57- 
Here  the  lower  segment  is  shaped  to  fit  in  a  ground-out  space 
in  the  larger  lens,  and  is  held  in  position  by  the  rim  of  the  spectacle 
frame.    A  more  elegant  method  is  that  of  cementing  on  the  lower 


Fig*  sft.'-FRANELiN  Lens. 


Fig.  57, — Grooved  Bifocal  Less. 


portion  of  the  full-sized  distance  lens  a  thin  disk  of  glass  ground 
according  to  the  presbyopic  correction  (Fig.  58)*  The  upper  and 
lower  may  be  ground  from  one  piece  of  glass  (Ffg.  59). 

In  a  more  recent  design  the  distance  lens  is  made  in  two  por- 
tions, the  segment  for  near  being  inserted  between  them  before 
they  are  cemented.  Advantage  is  taken  of  the  greater  refracting 
index  of  flint  glass  in  grinding  the  small  segment,  the  other  portions 
being  madc%  as  usual,  of  crown  glass. 


Fig,  sS.— CikCLLAK  Cement  Bifocal.       Ftc.  5Q.— Gitoexi!  Bifocal  Lens, 

Hook  Fronis.—T\\Q  glass  required  for  the  presbyopia  may 
be  made  in  the  form  of  separate  fronts  to  be  hooked  to  the  spectacle 
frames  holding  the  distance  correction* 

Half-glasses,— Th(^  lower  portion  of  the  distant  correcting  lens 
in  low  myo]>iti  associated  with  presbyopia  may  be  cut  a\^ay.     This 
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form  of  glass  corrects  distant  vision  and  permits  the  near  un- 
corrected use  of  the  eyes.  Instead  of  the  half-glass,  a  convex 
lens  equal  to  the  presbyopia  may  be  cemented  to  the  lower  portion 
of  the  myopic  correction.  In  presbyopia  without  error  of  refrac- 
tion the  near  glass  may  be  half  oval,  permitting  unobstructed 
distant  vision  (pulpit  glass). 

A  sphero-toric  lens  has  on  one  surface  two  curves  of  different 
radii  at  right  angles  to  each  other.     The  other  surface  is  convex, 

piano,  or  concave.    Such  lenses 
are  well  adapted  for  high  ame- 
^     -;.  y — ^    tropia.  The  strength  of  the  lens 

can  be  divided  between  its  inner 
and  outer  surface. 


KiG.  60. — Sphero-toric  Surfaces. 

CopyriRht,  i8«6,  Chas.  F.  Prentice. 


Fic.  61. — Sphero-toric  Lexs. 


Adjusting  the  Glasses.— It  is  part  of  the  duty  of  the  phy- 
sician to  assure  himself  that  the  glasses  ordered  conform  in  all 
respects  to  the  prescription,  that  the  optical  centers  of  the  lenses 
correspond  with  the  axis  of  vision,  that  the  plane  of  the  glasses 
is  properly  inclined,  and  that  the  frames  are  comfortably  adjusted. 

Neutralizing  Lenses.— Lenses  of  equal  strength  but  of  oppo- 
site curvature  are  held  in  contact  with  the  glass  prescribed,  with 
each  optical  center  coinciding,  and  with  the  cylindrical  lens  at 
the  proper  axis.  If  objects  seen  through  the  combined  lenses 
apparently  remain  stationary,  the  glasses  are  exactly  neutralized. 
If  objects  seem  to  move  in  the  direction  of  the  movement  of  the 
lens,  the  concave  glass  is  stronger  than  the  convex;  if  in  the 
opposite  direction,  the  convex  gla.ss  is  stronger. 


CHAPTER  IV. 

DISEASES  OF  THE  LIDS. 

Anatomy. — The  lids  are  composed,  from  without  inward,  of  skin, 
connective  tissue,  of  the  palpebral  portion  of  the  orbicularis  palpebrarum 
muscle,  the  tendon  of  the  levator  palpebral,  the  tarsus,  glands  and  hair 
follicles,  and  mucous  membrane.  All  of  these  tissues  are  susceptible 
to  the  inflammation  of  similar  tissues  in  other  parts  of  the  body  and  to 
their  sequels,  atrophy  and  distortion.  Near  the  free  margin  of  the  lid, 
embedded  between  the  mucous  membrane  and  the  tarsus  and  in  the 
connective  tissue  anterior  to  the  lower  border  of  the  tarsus,  are  found 
the  Meibomian  or  tarsal  glands,  a  few  modified  sweat  glands,  and  the 
bulbs  of  the  eyelashes.  Attached  to  the  upper  border  of  the  tarsus, 
and  partly  on  its  anterior  surface,  is  the  tendon  of  the  levator  palpebrae 
muscle,  the  elevator  of  the  lid,  controlled  by  a  branch  of  the  third  ner\'e. 

The  orbicularis  palpebrarum  is  a  circular  muscle  arranged  in  two 
layers  and  divided  into  three  parts.  It  lies  between  the  skin  of  the  lids 
and  the  tarsus.  Its  most  peripheral  bundles  extend  beyond  the  margin 
of  the  orbit  into  the  muscles  and  skin  of  the  brow,  temple,  and  superior 
maxillary  regions.  It  arises  from  a  ligamentous  band  attached  to  the 
nasal  bone,  circles  over  the  tarsus  of  each  lid,  and  is  attached  to  a 
smaller  ligament  at  the  temporal  angle  of  the  orbit.  Its  principal 
function  it  to  close  the  lids.  By  its  strong  contraction  the  margins  of 
the  lids  are  everted.  The  small  lacrimal  bundle  of  the  orbicularis  is 
known  as  the  muscle  of  Horner  or  the  musculus  tensor  tarsi.  It  arises 
from  the  lacrimal  bone  and  is  inserted  into  the  upper  and  lower  tarsus. 

Immediately  beneath  the  deepest  layers  of  the  orbicularis  and  in 
juxtaposition  with  the  upper  tarsus  is  Miiller's  muscle.  It  arises  from 
the  upper  border,  runs  forward  as  far  as  the  ciliary-  border,  spreading 
at  that  point  into  a  few  fine  horizontal  fibers.  It  is  stimulated  by  a 
branch  of  the  seventh  nerve. 

The  tarsus  averages  in  the  adult  9  mm.  in  height,  20  mm.  in  length, 
and  I  mm.  in  thickness.  It  consists  of  a  dense  fibrous  structure  re- 
sembling cartilage.     It  gives  shape  and  firmness  to  the  lid. 

The  Lower  Lid. — The  tarsus  of  the  lower  lid  is  comparatively 
undeveloped ;  there  is  less  abundant  supply  of  glands,  and  the  cilia  are 
fewer,  shorter,  and  thicker  than  those  of  the  upper  lid.  The  muscular 
fibers  are,  however,  well  developed  and  form  an  important  factor  in 
the  function  of  the  lid. 

The  lids  are  rich  in  vascularity  and  are  supplied  by  the  terminal 
branches  of  the  external  and  internal  carotid.     A\hile  many  diseases 
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I  common  to  the  lids  and  conjunctiva*  each  structure  has  its  distincUve 
affections,  in  which  the  other  h  Involved  not  at  all  or  only  secondarily. 

Congenital  Anomalies. ^Both  eyelids  may  be  absent  (abkph- 
arla),  or   the   lids   and   conjunctiva   may  be   replaced  by  skin 


Ho*  6i. — ^AuM TAL  Shtion  of  Upper  EveLID;  A,  Orbicularis  p;il[jcbmr 
muscle;  B^  levator  palpebral  supcriaris  mtisdc;  C*  superior  palpcbnil  muscle 
of  Mttllcr;  D,  Waldeyer's  glands;  T»  ccmjunctival  papillae;  E,  skin;  F,  t:im- 
junctivAj  Gi  superficial  fascia;  H,  median  connertive  tissue;  K,  Meibomian 
glands  in  I  he  i^r^u^;  M,  orbicuUiris  jjialpebrarum  muscle;  N»  sebaceoum  gland 
of  rilium;  O,  duet  of  Meibomian  gland;  P,  eyelash;  S*  sweat  gland  of  MoH, 
— {Dfttver.) 


which  enlirely  covers  an  eyeball  (i-rypfopkihaimos).  A  less  infrc- 
(jucni  anomaly  is  calohmna,  which  is  single  or  multiple.  The 
defect  comprises  a  small  nick  in  the  edge,  or  two  or  more  fissures 
extending  from  the  ciliary  margin  beyond  the  upper  border  of 
the  tarsus.     It  is  often  associated  with  cleft  palate  and  harelip. 
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Congenital  absence  of  the  tarsus  of  the  upper  lid  has  been  de- 
scribed by  Harlan.  Symblepharon,  union  of  the  palpebral  and 
ocular  conjunctiA'a ;  ankyloblepharon^  adhesion  of  the  ciliar}-  bor- 
ders of  the  lids;  and  blepharophimosis,  narrowing  of  the  palpe- 
bral fissure,  are  rare  imperfections  in  the  formation  of  the  lid. 
Ectropion  and  entropion  are  occasionally  seen,  and  partial  ptosis 
is  not  uncommon. 

Epicanthus  is  a  redundancy*  of  skin  at  the  root  of  the  nose, 
concealing  the  inner  canthus  of  one  or  both  eyes,  and  depends 
usually  upon  undeveloped  or  flattened  nasal  bones.  It  may  be  cor- 
rected by  excision  of  an  o\*aI  piece  of  skin,  long  axis  venical,  from 
the  bridge  of  the  nose.  Operation  is  not  adM*sable  until  suflicient 
time  has  elapsed  to  prove  that  the  defect  will  not  be  outgroiMi. 

Erythema  is  a  hx-peremia  of  the  skin,  induced  by  some  local 
irritation  or  by  the  absorption  of  medicaments  applied  to  the 
conjunctiva,  or  by  contiguous  inflammations,  and  by  disease  of 
the  eyeball. 

Erysipelas  seldom  arises  spontaneously  in  the  lids,  but  in- 
volves them  by  extension  from  the  adjoining  pans  of  the  face. 
The  danger  of  severe  attacks  is  e.xtension  of  the  inflammation 
into  the  tissues  of  the  orbit,  followed  by  contraction  of  the  con- 
nective tissue  and  atrophy  of  the  optic  ner\e.  and,  in  rare  instances, 
meningitis.  Serious  deformities  of  the  lids,  notably  ectropion, 
may  follow  the  phlegmonous  t}*pe  of  inflammation.  The  ireai- 
ment  is  that  of  erxsipebs  of  other  parts  of  the  body  An  excellent 
powder  to  protect  the  inflamed  surfaces  is  composed  of  stearaie 
of  zinc  with  boric  acid. 

Toxic  Dermatitis. — In  some  individuals  direct  contact  with 
rhus  poisoning,  with  solutions  of  the  alkaloids  used  in  ophthalmic 
practice,  or  exposure  to  the  sun's  rays  will  prixluce  an  active  in- 
flammation and  edematous  swelling  of  the  skin  of  the  lids  closely 
resembling  cr}sipelas.  Small  papules  and  blisters  form  in  the 
inflamet^J  area,  attended  with  itching  ami  burning,  but  no  violent 
pain  or  elevation  of  the  Ixxiy-tempcrature.  The  atTection  sub- 
sides in  a  day  or  two  under  applications  of  diluteil  solutions  of 
lead  water  and  acetate  of  moq^hin.  or  by  painiinLr  with  tincture  oi 
sert^entaria. 
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Malignant  Pustule. — The  pustule  forms  on  the  lid  or  brow, 
and  gives  rise  to  severe  inflammation  of  adjoining  parts  and  in- 
volvement of  the  lymphatic  glands.  At  first  the  skin  is  bluish-red, 
and  later  gangrenous.  The  anthrax  bacillus  and  streptococcus 
are  found  in  the  contents  of  the  pustule.  Treatment  consists  in 
incision,  antiseptics,  and  supporting  measures. 

Edema  is  a  symptom  of  acute  local  inflammation.  It  may 
accompany  blows,  styes,  insect  bites,  severe  or  chronic  ocular 
disease,  orbital  phlegmon,  general  affections  like  gout,  urticaria, 
and  nephritis.  The  puffiness  under  the  lower  lid,  common  in 
elderly  people  who  are  not  the  subjects  of  nephritis,  is  due  to  an 
increase  in  adipose  tissue  and  an  accumulation  of  fluid  from 
partial  venous  stasis.  Angioneurotic  edema  often  appears  in  the 
neighborhood  of  the  lids. 

Ecchymosis. — Hemorrhage  into  the  subcutaneous  tissue  of 
the  lid  is  the  result  of  blows,  paroxysms  of  coughing,  operations, 
contiguous  inflammation,  chlorosis,  or  menstrual  disturbances. 
Absorption  is  stimulated  by  pressure,  cold  compresses,  and  lotions 
of  ammonium  chlorid,  gr.  v  to  5j.  Attempts  to  express  the  blood 
through  a  skin  incision  are  usually  futile.  The  discoloration 
disappears  spontaneously  in  two  or  three  weeks.  Absorption 
may  be  hastened  by  hot  fomentations. 

Emphysema  is  an  accumulation  of  air  in  the  connective  tissue 
of  the  lids.  It  is  difl'erentialed  from  edema  by  the  crackling  sound 
elicited  upon  pressure  and  by  increase  in  size  of  the  swelling  by 
blowing  the  nose.  It  follows  fracture  and  necrosis  of  the  superior 
maxillar}',  ethmoid,  sphenoid,  and  nasal  bones,  and  sometimes 
operations  on  the  cavities  adjacent  to  the  orbit.  The  aflection 
is  important  only  as  a  symptom  of  rupture  of  the  continuity  of 
the  bones  of  the  face,  and  disa]>pears  in  a  few  days  by  the  use  of  a 
pressure  bandage. 

Eczema  is  a  scaly  eruj)ti()n  similar  in  a])]>earance  and  histor}' 
to  eczema  of  other  ])arts  of  the  body.  It  is  found  in  association 
with  catarrh  of  the  nasal  [)assages,  chronic  catarrhal  conjunctiv- 
itis, and  with  chronic  forms  of  keratitis.  It  arises  from  contact 
of  the  skin  with  irritating  discharges  from  the  eye.  The  skin  is 
dark  red,  scaly  or  moist,  ami  swollen.     Its  develo[)ment  may,  in 
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many  cases,  be  attributed  to  the  ignorance  of  mothers,  who  dis- 
regard all  the  rules  of  hygiene  in  caring  for  children. 

The  so-called  scrofulous  diseases  of  the  eye  and  neighboring 
skin  are  sometimes  an  indication  of  indigestion  or  of  the  presence 
of  worms  in  the  alimentary  canal.  The  treatment  consists  in 
restoring  the  nasal  cavity  to  a  healthy  state,  the  use  of  mercurial, 
zinc,  or  diachylon  ointment,  regulation  of  the  diet,  anthelmintics, 
calomel,  and  syrup  of  the  iodid  of  iron. 

Herpes  zoster  ophthalmicus  is  characterized  by  an  eruption 
of  blebs  along  the  distribution  of  the  first  and  second  divisions  of 
the  fifth  ner\'e,  or,  according  to  Abadi,  along  the  course  of  the 
vessels  which  accompany  the  nerves.  The  nutrition  of  the  skin 
and  underlying  connective  tissue  is  interfered  with  by  disturbed 
function  of  the  vasomotor  nerves,  induced  by  irritation  or  inflam- 
mation of  the  Gasserian  ganglion  or  the  carotid  plexus. 

The  appearance  of  the  blebs  is  preceded  by,  and  accompanied 
with,  pain.  The  skin  of  the  lid,  forehead,  and  sometimes  the 
side  of  the  nose  becomes  reddened,  with  the  appearance  in  the 
inflamed  areas  of  vesicles  of  various  size.  After  a  few  days  the 
blebs  rupture,  leaving  patches  of  deep  ulceration.  Finally  the 
ulcers  cicatrize  and  become  permanent  scars.  The  pain  is  violent, 
paroxysmal  or  constant,  and  recurs  with  the  formation  of  new 
sets  of  vesicles.  The  skin  over  the  affected  region  is  anesthetic. 
Not  infrequently  the  cornea  is  the  seat  of  one  or  more  vesicles, 
the  iris  becomes  inflamed,  and  severe  photophobia  and  lacrima- 
tion  are  added  to  the  symptoms.  This  occurs  when  the  lacrimal 
branch  of  the  fifth  pair  is  affected.  The  third  nerve  is  sometimes 
paralyzed.  Treatment  consists  in  the  internal  administration  of 
quinin,  arsenic,  bismuth  and  the  salicylates,  and  opium  to  relieve 
pain.  Implication  of  the  cornea  and  iris  requires  the  use  of 
atropin.  Soothing  powders  dusted  on  the  ulcerated  skin,  and 
belladonna  ointment,  are  useful. 

Blepharitis  marginalis  is  an  inflammation  of  the  ciliary 
border  of  the  lid.  In  severe  cases  the  tarsus  and  Meibomian 
glands  are  affected.  It  is  nearly  always  binocular.  The  edges  of 
the  lids  are  red,  swollen,  and  covered  by  desiccated  secretion  of 
the  Meibomian  glands,  and  by  dried  mucus  that  clings  to  and  in 
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places  destroys  the  cilia.  It  is  due  either  to  disease  of  the  seba- 
.  ccous  glands,  resulting  in  the  formation  of  scales,  or  to  eczema  of 
the  skin  of  the  margins  of  the  lids.  In  the  latter  form,  removal 
■  of  the  crusts  leaves  one  or  more  superficial  ulcers.  The  bulbs  of 
the  eyelashes  are  slowly  destroyed,  and  the  ciliary  margin  changed 
into  a  rounded  irregular  surface  with  deformed  cilia  protruding 
in  various  directions.  The  affection  is  common  in  poorly  nour- 
ished children  who  live  among  unhygienic  surroundings.  In 
young  adults  these  causes  are  contributed  to  by  errors  of  refraction 
and  by  lacrimal  and  nasal  disturbances.  In  children,  inflamma- 
tion of  the  mucous  membrane  of  the  eye  and  of  the  nose  is  fre- 
quently associated  with  blepharitis. 

Treatment. — Attention  should  be  directed  in  the  early 
stages  to  the  condition  of  the  nasal  mucous  membrane,  and  proper 
remedies  applied.  The  crusts  on  the  eyelashes  should  be  dis- 
solved by  the  thorough  use  of  castile  soap  or  by  weak  alkaline 
solutions,  such  as  sodium  bicarbonate,  gr.  v  to  5j.  Silver  nitrate 
solution,  gr.  x  to  5j,  is  then  applied  to  the  excoriated  and  ulcerated 
surface,  distorted  eyelashes  epilated,  and  once  or  twice  during  the 
day  the  edge  of  the  lid  rubbed  with  the  yellow  oxid  of  mercury 
ointment  (gr.  j  to  5j )  or  with  3  per  cent,  sulphur  ointment  (in  the 
sebaceous  form),  and  cod-liver  oil  and  syrup  of  iodid  of  iron  given 
internally.  If  chronic  conjunctivitis  coexists,  a  mild  stimulating 
astringent  wash  should  be  used.  The  diet  is  regulated  and  absti- 
nence from  reading  enjoined.  Should  the  chronic  lid  inflamma- 
tion depend  upon  eye-strain,  its  ])ermanent  cure  can  be  effected 
only  by  the  correction  of  errors  of  refraction.  The  **red,  weak, 
and  blear''  eyes  are  mild  forms  of  blepharitis  marginalis. 

Alopecia  is  a  falling-out  of  the  eyelashes,  common  in  chronic 
blepharitis.  In  some  cases  of  hysteria  the  cilia  are  clandestinely 
pulled  out  (Giflord). 

Blepharitis  Pediculosa  (Phthiriasis).— The  crab  louse,  ped- 
iculus  pubis,  is  found  on  eyelashes  of  children  living  in  the 
midst  of  filthy  surroundings.  The  ovum  is  a  minute  black, 
rounded  body  clinging  to  the  eyelashes,  and  the  crab  is  oval, 
about  I  mm.  in  length,  and  lives  in  the  ciliary  border  of  the  lid. 
The  lice  are  killed  after  one  or  two  a])plications  of  yellow  oxid 
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of  mercury  oinlment*     The  pediculus  caputis,  or  head  louse,  is 
never  found  on  the  eyelashes* 

Ephidrosis  {hyperidrosis)  is  an  increase  in  the  activity  of 
the  sweat  glands  of  the  Lids.  ChromMrosis  is  the  term  applied 
to  a  bluish  or  blackish  secretion  on  the  lids. 

Syphilitic  ulcer  of  the  hd  is  due  to  direct  infection  by  the 
syphihtic  virus  or  the  breaking  down  of  a  gumma.  The  chancre 
appears  near  the  Ud  marginj  is  covered  by  a  layer  of  pus,  is  sharply 
circumscribed  and  surrounded  by  steep,  slightly  raised  edges. 
The  pre- auricular  glands  become  enlarged.  The  affection  may 
be  mistaken  for  rodent  ulcer*  The  diagnosis  is  cleared  up  by 
the  treatment.  Chancroid  presents  an  excavated  base,  covered 
with  detritus,  its  edges  abruptly  elevated  but  not  indurated.  It 
is  rare.     The  treatment  consists  of  the  usual  antisyphilitic  remedies. 

Fanis  is  a  localised  ulceration 
of  the  skin  of  the  upper  lid,  be- 
lieved to  be  due  to  infection  from 
the  same  disease  in  domestic  ani- 
mals. The  ulcer  is  covered  by  a 
yellow,  fissured  and  sliarply  limited 
crust,  and  surrounded  by  a  zone  of 
inflamed  skin.  It  is  benign  in  charac- 
ter, and  recovers  under  simple  treat- 
ment without  deformity  of  the  lid. 

Elephantiasis  is  a  chronic  hy* 
pcrtrophy  of  the  skin  and  a  pro- 
liferation of  the  connective  tissue 
of  the  lids,  the  result  of  injury,  re- 
peated attacks  of  erysipelas,  or  it 
may  be  congenitaL  The  lid  is 
enormously  increased  in  size,  and  because  of  its  great  weight  and 
bulk  does  not  respond  to  contraction  of  the  levator  palpebne  or 
orbicularis  muscle.     Excision  of  a  part  of  the  lid  is  indicated* 

Adenoma  is  a  benign  tumor  originating  in  the  Meibomian 
glandsj  and  growing  to  a  considerable  size  between  the*  tarsus 
and  skin.  It  is  nodular,  soft  in  some  parts  and  hard  in  others. 
The  treatment  is  earlv  excision. 


Fto-  63.— ELEpaAKTiASis  or  the 
Lower  Ltu,  is  a  Patient  at 
TffE  Polyclinic  Hospital,  PmL- 
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Xanthelasma  (xaiiihoma)  is  a  yellowish  discobration  of  the 
skin,  occurring  in  irregularly  outlined,  isolated,  and  raised  patches 
that  very  slowly  increase  in  size  and  coalesce.  It  appears  first 
on  the  upper  lid  near  the  inner  canthus  of  one,  then  the  other 
eye,  and  finally  in%'olves  the  lower  lid.  Women  are  more  prone 
to  the  affection  than  men.  The  patches  consist  of  fatty  degenera- 
tion of  the  skin,  resulting  probably  from  local  ill  nutrition*  When 
they  have  become  conspicuous  because  of  their  color  and  size, 


Fig.  54. ^Rodent  Ulcem  op  Eyelids  ano  Nose» 

they  should  be  dissected  out  and  the  edges  of  the  sound  skin 
brought  together  by  sutures, 

Carcmoma  may  affect  the  lid  either  as  the  ordinary  type  of 
epithelioma  or  as  rodent  ulcer. 

Epithelioma  of  the  lids  is  not  uncommon  in  elderly  per- 
sons*  It  appears  at  first  as  a  small  elevation  or  scab  on  the  edge 
of  the  lid-  It  is  usually  of  slow  growth;  ultimately,  however,  it 
extends  over  a  large  extent  of  surface,  destroying  tissues  as  it 
advances.     RodttU  ular  h  clinically  allied  to  epjthehoma<    The 
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latter  is  a  disease  of  ad%'anced  life,  while  rodent  ulcer  may  occur 
at  any  age  over  twenty.  The  elevated,  irregular  edges,  surrounded 
by  indurated  and  inllamed  skin,  give  the  appearance  of  greater 
depth  than  actually  exists.     It  has  a  tendency  to  spread. 

Treaimeni.—JJnill  recently  excision  or  cauterization  gave  tKe 
only  hope  of  rehef.  Chloracetic  acid  applied  cautiously  with  a 
cot  ton -wrapped  probe  has  proved  useful.    The  sharp  pain  of  the 


Fig.  65.— Epitheuoma  of  the  EarrtiiKAi.  Canthts 

application  soon  subsides.  Other  cauterants  are  nitric  acid, 
chromic  acid,  and  the  galvanic  or  actual  cautery. 

Use  0}  ike  X-Rays\ — The  Rontgen  rays  have  proved  their 
superiorit)'  to  excision  in  all  skin  affections  like  carcinoma.  In 
addition  to  the  curative  action  in  new  growths,  they  ha\^  a  dis- 
tinct value  after  operation  in  preventing  recurrences. 

The  healthy  tissues  are  protected  from  the  action  of  the  rays 
by  heavy  sheets  of  tinfoil,  having  an  opening  corresponding  to 
the  size  of  the  ulcer,  A  lulje  of  low  vacuum  should  be  placed 
from  6  to  10  inches  distant  from  the  part.  The  exposures  vary 
from  five  to  ten  minutes.     Bums  will  follow  exposures  that  are 
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prolonged,  loo  frequent,  or  with  the  mbe  too  dose.  The  rays 
should  be  preferred  to  excision^  since  their  employment  u*ill 
render  unnecessar}^  extensive  plastic  operations.  The  new  tissue 
that  replaces  the  disease  after  the  a^-ray  treatment  differs  from 
ordinary  scar  tissue  in  having  more  nearly  the  appearance  of 
normal  skin  and  is  less  liable  to  contract* 

Sarcoma.-'Malignant  tumors  originating  in  the  lids  or  ad* 
joining  parts  have  similar  characteristic??.     Sarcoma  appears  either 
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as  a  primary  or  secondar}'  affection.  The  growth  of  malignant 
tumors  is  exceedingly  rapid.  They  are  generally  inofierable,  and 
removal  is  followed  by  early  relapse.  They  are  round,  hard, 
movable  in  their  early  stages,  and  highly  nodular.  Microscopi- 
cally they  consist  of  round  and  spindle  cells»  intercellular  sub- 
stance^ and  fibrous  tissue.  Primary  sarcoma  is  an  uncommon 
afTectinn. 

Lymphoma,  sometimes  called  lymphosarcoma^  consists  of  a 
deposit  of  small,  non-encapsulated  lymphoid  cells  under  the  skin 


io6 


DISEASES  OF  THE  LIDS. 


of  the  lids*  The  swelling  is  not  limited  to  any  one  portion,  but 
gradually  involves  the  whole  length  of  the  lid.  It  is  apt  to  recur 
after  operation  unless  the  entire  swelling  and  adjacent  parts  of 
the  conjunctiva  are  removed.  Lymphoma  is  softer  than  chala- 
zion, irritates  the  lid  to  a  greater  extent,  even  as  far  as  the  lacrimal 
sac,  and  occurs  on  both  lids.  The  internal  administration  of 
arsenic  is  said  to  be  of  value. 

Milium  is  a  minute  yellowish-w^hite  elevation  that  appears 
on  the  lid.  It  consists  of  the  desiccated  contents  of  an  occluded 
sebaceous  gland.  The  small  sac  or  furrow  in  \vhich  the  secretion 
lies  may  be  readily  evacuated  by  the  point  of  a  smaU  knife< 

Hordeolum  or  stye  is  a  purulent,  localized,  circumscribed 
inflammation  surrounding  a  hair  follicle  or  occluded  Meibomian 
duct.  It  begins  with  a  small,  painful  swelling  located  on  or  near 
the  margin  of  the  lid.  When  it  attains  considerable  size,  it  is 
accompanied  by  edema  of  the  lid.  It  is  single  or  multiple,  and 
one  is  apt  to  be  followed  by  others.  Recurrences  are  common  in 
persons  with  deranged  bodily  functions  and  uncorrected  refractive 
errors. 

TrealmcHi. — A  stye  may  be  aborted  by  cold  applications^  oint- 
ment of  the  yellow^  oxid  of  mercurv',  and  by  the  internal  use  of 
calcium  sulphid.  When  developed,  applications  of  hot  water 
favor  the  limitation  of  disease  and  its  concentration,  besides  re- 
lie%'ing  to  a  great  extent  the  pain.  When  the  stye  points,  it 
should  be  incised,  the  contents  extruded,  and  repeated  applica- 
tions of  hot  water  made. 

Abscess  occurs  spontaneously  or  is  the  result  of  traumatism. 
Its  appearance  and  symptoms  are  those  of  a  large  stye.  It  is 
painful,  exceedingly  sensitive  to  the  touch,  and  gives  rise  to  edema 
of  the  neighboring  parts.  The  swelling  should  be  opened  as  soon 
as  pus  has  formed,  the  incision  to  be  followed  by  hot  antiseptic 
compresses t  If  spontaneous,  it  is  an  e\ndence  of  a  devitalized 
condition  of  the  system  or  disordered  function  of  the  abdominal 
organs,  hence  regulated  diet,  laxatives,  and  tonics  are  indicated. 

Chalazion  is  a  tumor  formed  by  inflammation  of  a  Meibomian 
gland  and  of  the  adjoining  tissue*  It  gradually  increases  in  size, 
and  causes  no  annoyance  until  its  bulk  makes  the  lid  cumbersome 
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Fig.  67. — Large  Chal.vzion  op 
Lower  Lid. 


and  interferes  with  its  free  movements.  It  is  not  accompanied 
by  pain.  As  the  chalazion  grows  it  forms  a  tumor  which  ap- 
pears to  lie  directly  beneath  the  skin.  The  skin  is  freely  movable 
over  it.  The  largest  cysts  are 
found  several  millimeters  poste- 
rior tb  the  ciliar\'  border,  and  the 
smaller  ones  nearer  the  edge  of 
the  lid.  The  cyst  may  break 
through  the  conjunctiva  and  dis- 
charge a  drop  of  broken-dovvn 
gland  contents,  granulating  tissue 
forming  around  the  opening.  The 
same  cyst  may  rupture  several 
times  and  finally  disappear.  The 
contents  consists  originally  of  the  secretion  peculiar  to  the  gland, 
but  soon  becomes  disorganized  into  a  yellowish,  jelly-like  mass 
or  even  mto  pus. 

Treatment, — The  tumor  should  be  incised  through  the  con- 
junctiva, its  contents  evacuated,  and  the  cavity  curetted  and 
cauterized.  The  opening  is  made  at  the  spot  of  bluish  discolora- 
tion on  the  conjunctiva.  Unless  the  incision  be  large  and  its 
edges  kept  apart,  the  tumor  may  recur.  Owing  to  a  collection 
of  blood  within  the  cavity  following  operation,  the  tumor  is  ap- 
parently not  reduced  in  size  for  several  days.  The  cyst  may  be 
completely  dissected  out,  through  a  skin  incision — a  tedious 
operation.  The  growths  have  been  destroyed  by  electrolysis,  the 
needle  inserted  into  the  mouth  of  the  gland  and  the  current  of 
3  ma.  allowed  to  pass  for  sixty  seconds.  This  procedure  must  be 
repeated  several  times,  and  offers  no  advantage  over  incision. 

Lupus  is  a  collection  of  tuberculous  material  in  and  under 
the  skin.  It  evenlually  breaks  down  and  forms  a  chronic  pro- 
gressive ulcer.  Ii  invades  the  eyelid  secondarily  from  the  cheek 
or  nose.  ElTeclivc  treatment  is  the  use  of  the  .r-rays,  as  described 
for  carcinoma. 

MoUuscum  (moll use  urn  contagiosiim)  is  a  disease  of  one  or 
more  sebaceous  j^lands  in  the  ciliar)'  border  of  the  lid,  with  the 
formation  of  small,  Hal,  yellow  white   tumors   containing  disor- 
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ganized  sebaceous  secretion.  In  the  center  of  each  swelling  is 
a  minute  black  point,  the  mouth  of  the  follicle.  The  disease 
occurs  in  young  and  poorly  nourished  subjects,  and  is  said  to 
be  contagious.  Each  tumor  should  be  incised  and  its  contents 
thoroughly  removed. 

Molluscum  fibroma  is  a  warty  excrescence,  the  result  of  per- 
verted action  of  the  epithelium  of  the  skin.  It  can  be  painlessly 
and  bloodlessly  removed  by  strangulation,  or  it  may  be  excised. 

Angioma  or  nevus  of  the  hd  is  a  congenital  circumscribed 
dilatation  of  the  capillaries  of  the  skin,  bluish-red  in  color,  and 
painless,  and  has  a  tendency  to  spread.  To  prevent  growth  and 
possibly  malignant  degeneration,  it  should  be  excised  or  destroyed 
by  electrolysis  early  in  life.  Telangiectasis  is  usually  congenital 
or  may  be  acquired  from  disease  or  injury  of  the  vessels.  It 
consists  in  an  enlargement  of  the  vessels  of  the  skin  and  under- 
lying connective  tissue,  essentially  identical  in  pathology  to  nevus, 
but  involving  deeper  tissues.  Destruction  of  the  vessels  by  elec- 
trolysis or  excision  is  advisable.  Cavernous  angioma  is  an  ex- 
aggerated form  of  telangiectasis.  It  is  temporarily  increased  in 
size  by  stooping,  straining,  or  coughing. 

Tarsitis. — Inflammation  of  the  tarsus  is  generally  monocular 
and  due  to  syphilis  or  gout.  In  syphilitic  tarsitis  the  lid  becomes 
greatly  thickened  and  edematous,  tender  to  the  touch,  and  hangs 
down  over  the  ball,  so  heavy  that  the  levator  is  powerless  to  raise 
it.  It  may  be  mistaken  for  hordeolum,  but  there  is  little  tendency 
to  suppuration.  The  acute  form  is  one  of  the  early  manifestations 
of  syphilis.  The  chronic  belongs  to  the  tertiary  stage.  Chemosis 
of  the  ocular  conjunctiva  and  keratitis  have  been  noted  as  com- 
pUcations.  After  recovery  the  tarsus  is  shrunken  and  deformed. 
The  acute  cases  continue  for  several  weeks,  the  chronic  for  many 
months.  A  milder  and  more  chronic  form  is  occasionally  found 
in  rheumatic  and  gouty  persons.  Mercurj',  potassium  iodid,  and 
salicylates  internally,  and  lead-water  and  laudanum  externally,  are 
useful. 

Blepharospasm  is  clonic  or  tonic  closure  of  the  lids  by  spas- 
modic contraction  of  the  orbicularis  muscle.  When  due  to  con- 
junctival irritation,  defective  refraction,  or  loss  of  muscular  or 
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nerve  tone,  it  is  readily  cured  by  removal  of  the  cause.  Astig- 
matism is  frequently  found  in  individuals  suffering  with  sudden, 
involuntary,  and  momentary  twitching  of  the  lids,  which  soon 
is  communicated  to  other  facial  muscles.  Imbalance  of  the  ocular 
muscles  is  a  common  cause.  Prolonged,  uncontrollable  orbicu- 
laris spasm,  continuing  practically  without  cessation  for  days 
and  weeks,  and  depriving  the  patient  of  the  use  of  his  eyes,  may 
be  an  indication  of  irritative  disease  of  the  seventh  ner\'e  within 
the  cranium. 

Treatment, — Section  of  the  fifth  nerve  at  its  exit  at  the 
supraorbital  foramen  has  been  performed  with  incomplete  success. 
Resection  of  the  external  nasal  branch  of  the  ophthalmic  division 
of  the  fifth,  and  the  introduction  of  a  metalHc  seton  beneath 
the  skin  and  including  those  fibers  of  the  frontalis  muscle  which 
are  chiefly  concerned,  is  recommended.  Morphin  and  the  bro- 
mids  may  give  temporary  relief.  When  associated  with  corneal 
inflammation,  canthopiasty,  in  conjunction  with  treatment  of 
the  keratitis,  is  often  successful.  In  the  symptomatic  cases  cor- 
rection of  any  existing  error  of  refraction  or  muscular  imbalance 
is  imperative.  Blepharospasm  due  to  refractive  errors  is  tem- 
porarily cured  by  instillation  of  atropin.  Therapeutic  paralysis 
of  accommodation  is,  therefore,  a  valuable  measure  in  the  differ- 
entiation of  ocular  blepharospasm  from  the  spasm  induced  by 
other  causes.  Internally,  fluid  extract  of  gelsemium  to  the  point 
of  full  physiologic  effect  is  worthy  of  trial. 

Paralysis  of  the  orbicularis  palpebrarum  is  due  to  loss 
of  function  of  the  entire  seventh  nerve,  as  in  Bell's  palsy,  or  of 
its  orbicularis  branch.  From  malposition  of  the  puncta  the  tears 
are  not  carried  down  the  nasal  duct,  but  are  discharged  over 
the  cheek.  Efforts  to  close  the  lids  induce  upward  turning  of 
the  cornea.  Ulceration  of  the  cornea  may  be  prevented  by  hot 
applications  or  the  Buller  shield.  The  latter  retains  the  heat 
and  moisture  of  the  lids  and  keeps  the  cornea  intact. 

Lagophthalmos  is  an  apparent  protrusion  of  the  ball  due  to 
inahilily  lo  close  ihe  lids.  Its  causes  are  paralysis  of  the  seventh 
nerve,  coni^enital  or  traumatic  shortening  of  the  eyelids,  exo[)h- 
thalmic  goitrr,  and  orbital  tumors. 
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cornea,  conceidlng  it  wholly        ^M 
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Fig.  68.— Ptosis  from  Congenital  Hv- 
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Excision  or  a  Piece  of  the  Tarsus 
FOR  Ptosis.— {Grand mmL} 

\,  supplemented  by  galvanism, 

^H       are  of  value  in  ptosis  due  to  syphiUs  or  rheumatism.     In  the              . 
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OPERATIONS  FOR  PTOSIS.  in 

majority  of  cases  operation  is  required.  But  little  relief  is  afforded 
by  advancing  the  levator  muscle  except  in  traumatic  ptosis.  The 
most  successful  operations  are  those  which  have  for  their  object 
the  substitution  of  the  action  of  the  anterior  portion  of  the  occipito- 
fron talis  muscle  for  the  defective  levator  or  the  securing  of  the 
desired  elevation  by  the  removal  of  a  piece  of  the  tarsus.  Excision 
of  a  strip  of  the  skin  of  the  lid  with  fibers  of  the  underlying  muscle, 
and  the  stitching  of  the  edges  of  the  wound  together,  are  applicable 
only  to  the  hypertrophic  variety  or  in  moderate  degrees  of  con- 
genital defect,  but  the  results  are  not  encouraging. 

Operations  for  Ptosis. — In  hypertrophic  or  inflammator>' 
ptosis  an  elliptical  piece  of  skin,  corresponding  in  height  to  the 
degree  of  drooping  and  still  permitting  closure  of  the  commissure, 
may  be  excised.  By  the  Graefe  operation  the  skin  and  fibers 
of  the  muscle  over  the  tarsus  are  exsectcd,  and  deep  sutures 
inserted,  including  the  edges  of  the  skin  and  underlying  muscle. 

Grandmont  excises  a  semilunar  piece  of  the  tarsus  and  muscle. 
The  tarsus  is  exposed  by  a  skin  incision  3  mm.  above  the  lid 
margin,  and  a  strip  excised  2  cm.  in  length  and  corresponding 
in  height  at  its  center  to  the  degree  of  elevation  of  the  lid  desired. 
The  incision  through  the  cartilage  is  continued  down  to  the  plate 
of  the  clamp  holding  the  lid,  and  therefore  includes  the  under- 
lying conjunctiva.  The  divided  tissues  are  brought  together  \vith 
catgut  sutures,  and  the  skin  wound  closed  with  silk. 

Subcutaneous  Thread  Operations. — Pagenstecher  recommends 
a  double-armed  suture  of  strong  silk.  One  needle  is  entered 
2  mm.  above  the  lid  margin,  passed  horizontally  beneath  the 
skin  for  a  distance  of  2  mm.,  re-entered  at  the  point  of  exit, 
carried  u{)war(i  under  the  skin  of  the  lid  and  brought  out  a  short 
distance  above  the  eyebrow.  The  second  needle  is 'entered  near 
the  entrance  point  of  the  first  needle  and  passed  beneath  the 
skin  of  the  lid,  lo  enuTf];e  also  above  the  eyebrow.  The  ends  of 
the  thread  are  then  knotted  over  a  small  drainage-tube  or  pad 
of  gauze.  The  suture  is  lo  be  removed  after  cicatrization  between 
the  orbicularis  muscle  and  the  skin. 

In  this  operation  the  extent  of  j)ermanent  elevation  cannot 
be  accuratelv  j^au^^ed. 
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Panas  Operation, — In  this  operation  (Fig.  70)  a  rectangular 
flap,  formed  frum  tht*  skin  of  the  upper  lid,  ser^'es  to  connect  the 
lid  with  ihe  anterior  fibers  of  the  occipitofrontalis  muscle. 

The  incision  in  the  skin  follows  the  upper  border  of  the  tarsus> 
commencing  2  mm.  to  the  inside  of  its  nasal  extremity  and  con- 
tinuing 2  mm,  beyond  its  temporal  extremity.  This  incision  is 
interrupted  about  8  mm,  in  its  center.  From  the  inner  exlremitJea| 
of  the  cut  two  %'ertical  parallel  cuts  upward  are  made,  ending  ' 
in  the  furrow  between  the  lid  and  the  brow,  near  the  orbital 
margin.     A  .second  horizontal  cut,  2  cm    long,  slightly  convex, 
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Fig.  70 — Pax.^  Operation.     Lin^s  oi  incision  und  sutures. 

and  parallel  to  orbital  margin,  joins  their  ends,  dividing  all  tissues 
down  to  the  periosteum.  The  flap  thus  outlined  is  loosened 
downward  to  near  the  ciliar}^  border,  care  being  taken  to  avoid 
injury  to  the  orbital  septum. 

Finally,  immediately  above,  and  parallel  with  the  eyebrows, 
a  cut  is  made,  3  cm.  long  and  as  deep  as  the  periosteum.  The 
skin  is  undermined  between  the  two  last  named  horiisontal  in- 
cisions, the  reciangular  Hap  carried  up  under  the  bridge  of  skin 
and  sutured  to  the  upper  border  of  the  higher  incision.  The 
threads  are  passed  through  the  upper  lip  of  the  wound  above 
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the  brow,  under  the  b ridge ^  inserted  into  the  upper  edge  of  the 
flap,  taken  back  under  the  bridge  and  brought  over  near  the 
point  of  entrance,  so  that  both  ends  of  the  thread  lie  dose  to 
one  another.  Two  lateral  sutures  are  introduced  in  a  similar 
maimer,  but  do  not  include  the  skin.  These  latter  sutures  are 
designed  to  prevent  e version  of  the  lid  margin. 

The  operation  may  be  modified  by  limiting  the  length  of  the 
incision  above  the  brow  to  the  width  of  the  tongue  or  flap  of  skin 
that  is  to  be  altached  to  it-  The  side  incisions  should  be  made 
angular,  as  shown  in  the  dotted  lines  A  C  B,  Fig.  70,  to  avoid 
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Fic.  71,— PasJAS  Opeeatiok.    The  sutures  tied. 


puckering  of  the  skin  after  the  sutures  are  tied.    AUport  has 
recently  published  a  description  of  a  similar  modification. 

Hunt' Tan sley  Operation.^A  modification  of  the  Panas 
operation,  combining  with  it  the  Gracfe  incision  of  a  strip  of  skin 
of  the  lid,  has  been  suggested  by  Hunt  and  improved  by  Tansley, 
The  latter  operates  as  follows: 

A  strip  of  skin  of  the  Hd,  6  mm*  w^ide  and  extending  from  the 
upper  orbital  margin  to  within  5  ram.  of  the  margin  of  the  Ud^ 
is  dissected  loose  imd  tamed  upon  gauze  moistened  with  warm 
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salt  solution.  A  curved  incision  is  I  hen  made  from  H  to  G  and 
from  E  to  F,  following  the  crease  of  upper  edge  uf  tarsus.  A 
second  incision  is  made  from  H  to  B  and  from  D  to  F,  parallel 
to  the  lower  border  of  the  lid.  The  skin  and  orbicularis  embraced 
within  these  cuts  are  carefully  dissected  out,  leaving  the  tarsus 
denuded.  After  the  cut  edges  are  united  by  interrupted  sutures, 
joining  the  point  B  to  G  and  D  to  E,  a  Gracfe  knife  is  entered  at 
A  C  and  brought  out  above  the  eyebrows,  the  skin  being  under- 
mined to  permit  the  passage  of  the  tongue  dissected  up  at  the 
first  stage  of  the  operation.  The  tongue  of  skin  is  then  drawn 
into  the  cut  and  out  on  the  forehead,  the  protruding  end  cut 
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Fig.  7a,— ^HtTNT-TANSLEY  OPERATION,    The  disscction. 

oflf,  if  necessary,  and  the  strip  fastened  with  two  small  sutures. 
Several  sutures  are  placed  from  A  to  G  to  C  E,  uniting  the  edges 
of  the  ribbon  to  the  bordering  skin  (Fig»  73). 

Care  must  be  taken  that  the  denuded  skin  area  is  not  too 
broad,  otherwise  post-opcrative  closure  of  the  lid  will  be  difficult. 
By  this  operation  the  lid  is  satisfactorily  elevated  without  puckering 
of  the  skin  at  the  ends  of  the  incision.  Healing  of  the  narrow 
groove  A-C,  Fig*  73,  may  be  secured  by  scraping  off  the  super- 
ficial layer  of  the  skin  of  the  flap  at*this  point,  so  that  the  denuded 
surfaces  meet* 
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Angel ucci  lanites  the  tarsus  with  the  orbicularis  through  the 
medium  of  the  teadon  of  the  levator  palpebrae*  He  operates  as 
follows: 

After  the  tarsus  and  the  levator  tendon  attached  to  it  are  laid 
bare,  the  latter  is  divided  4  mm.  above  the  tarsal  margin,  and 
two  loops  of  a  double-armed  suture  are  passed  from  behind  and 
knotted  on  the  posterior  surface-  The  four  needles  are  then 
passed  through  the  muscular  masses  of  the  region  of  the  brow 
that  have  been  dissected  up,  and  brought  out  through  the  skin 
2  mm.  above  the  eyebrow.     Twenty- four  hours  later  the  position 
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Fig*  73. — Hunt-Tans  LEY  Operation,    The  suturing 

of  the  lid  may  be  corrected,  if  necessary,  by  tightening  or  loosening 
the  sutures, 

WOder  secures  a  firm  adhesion  between  the  tarsus  and  the 
frontalis  muscle  by  folding  upon  itself  the  tarso-orbital  fascia* 
Two  sutures  of  catgut  or  silk  are  passed  through  the  upper  portion 
of  the  tarsal  fascia  and  the  connective  tissue  at  the  skin  incision 
previously  made  near  the  orbital  margin.  These  threads  form 
loops  in  the  tarsus,  and  when  tied  draw  the  lid  up  to  the  desired 
degree. 
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Advancement  of  tlie  Levator  Muscle. ^Advancement  or  re- 
section of  the  levator  tendon  is  applicable  to  those  cases  in 
which  the  levator  muscle  is  not  wholly  paralyzed.  In  Everbusch^s 
operation  the  tendon  of  the  muscle  is  folded  upon  itself,  and  held 
in  this  position  by  the  threads,  which  are  brought  out  at  the 
margin  of  the  lid  after  passing  between  the  tarsus  and  orbicularis. 
Wolff  resects  a  piece  of  the  tendon,  the  length  of  the  excised 
portion  corresponding  to  the  degree  that  the  lid  is  to  be  elevated. 
Restoration  of  the  Eyelid  (^/{"/"//aro^/as/y).^ Destruction  of 
the  lid  by  traumatism,  ulceration,  or  the  excision  of  new  growths 
is  corrected  by  the  use  of  one  or  more  skin  flaps  with  pedicle 
taken  from  the  immediate  vicinity,  or  by  large  or  small  grafts 
transplanted   from    distant  places*     The  operations  suggested 

for  reconstructing  the  eye- 
lids are  similar  in  principle, 
but  they  differ  in  the  method 
of  cutting  the  flap  of  new 
skin  and  in  covering  the  de- 
nuded area.  The  operator 
will  often  be  disappointed 
in  the  results  obtained,  par- 
ticularly if  the  area  to  be 
covered  is  large,  since  the 
contraction  of  the  trans- 
planted new  tissue  causes 
subsequent  deformity,  to  be 
relieved  only  by  later  surgi- 
cal measures, 

Di£fenbach*s  operation 
for  restoration  of  the  lower  Ud  consists  in  replacing  the  diseased 
area  by  a  flap  from  the  adjoining  healthy  skin. 
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Fig,  74. — ^DiFPENBACB^s  Operation. 
stage* — {Meyer.) 


First 


A  triangular  portion  of  the  skin  including  the  disease  is  re* 
moved,  the  lines  of  the  excision  extending  from  near  each  canthus 
to  a  point  on  the  cheek  (a,  b,  c,  Fig.  74),  A  horizontal  incision 
(b  d),  extending  outward  from  the  external  canlhus,  joins  a 
cut  (d  v)  made  parallel  with  one  side  of  the  denuded  triangle. 
The  parallelogram,  c  b  d  e,  is  dissected  loose  at  its  three  sides, 
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Fig*  75. — DtPFEKBACH'S  OfEWATtOJ*;. 

Qnd  stage. —  {Mryer.} 


Sec 


and  slid  over  and  stitched  in  place,  covering  tlie  triangular  space, 

a  b  c.    The  line,  b  d,  should  be  slightly  longer  than  the  base 

of  the   triangle^  to  allow  for 

shrinkage  of  the  flap*    The 

area  on  the  cheek  from  which 

the  flap  has   been  taken  i^ 

brought   together  as   far  a 

possible  with  sutures,  the  re 

mainder  being  covered  with 

Thiersch  or  Wolfe  grafts. 

The  cicatrization  of  the 
large  area  on  the  cheek  drags 
on  the  surrounding  structures, 
stretches  the  eyelid,  and  dis- 
places the  canthus,  and  is  the 
chief  drawback  of  the  Diffen- 
bach  method.  To  correct  this, 
Harlan  fills   the  space  from 

which  the  flap  is  taken  by  a  second  flap  slid  down  from  the 
templcj  thus  leaving  the  granulating  surface  above  the  canthus. 

Burow'S  Operation. 
— BuroWj  to  hasten  heal- 
ing and  to  avoid  cicatri- 
cial coQtractionj  makes 
an   incision  external  to 
I  he  canthus^  similar  to 
the  Dififenbach  method* 
'         A  triangular  piece  oL 
the  skin  of  the  temple,  ag^ 
d,  e,  is  removed,  as  seenf 
in  Fig,  76.     The  cuta- 
neous flap,  c,  a,  d,  is  then 
freely  dissected  loose^ 
and  the  angle,  a,  drawn 
inward  and  stitched  at 
Dissecting  of    ^j  the  border,  a»  d,  form- 
ing the  margin  of  the 
lower  lid.  The  skin  along 
the  incision,  d,  e,  is  likewise   loosened   and   brought  over  and 
united   along  the  lines  a,  e.     The  shape  of   the  flap   will  be 
governed  by  the  denuded  surface  to  be  covered^ 


Fig.  76* — ^BiTRoWs  Opewation. 
Haps,— (A/^^tfr,) 
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Restoring  the  Angle  of  the  Lids, — In  cases  of  destruction 
of  the  angle  and  commissure  of  the  lids  the  lost  tissue  may 
be  replaced  according  to  the  method  of  Hasner  d*Artha,  The 
diseased  external  canthus  having  been  removed  by  a  curve 
incisionp  a  flap  is  cut  from  the  temporal  region.  This  is  dissecte 
loose  and  turned  downward  and  stitched  in  position.  The  area 
from  which  the  flap  is  taken  is  closed  by  sutures-  In  operations 
on  the  internal  commissure,  the  skin  flap  is  taken  from  the  nose. 

The  employment  of  the  at- rays  in  the  treatment  of  epithelioma 
and  malignant  ulcers  of  the  lids  has  obviated  the  necessity  for  the 
performance  of  a  large  proportion  of  the  operations  for  recon- 
struclion  of  the  lids,  that  were  formerly  so  numerous* 

Ectropion,  or  eversion  of  the  margin  of  the  lid,  with  exposure 
of  the  coojunctivaj  is  acute  when  the  resuH  of  swelling  of  the  con- 
junctiva and  spasm  of  the  orbicularis  palpebrarum  muscle,  and 
chronic  in  exophthalmosi  paralysis  of  the  seventh  nerve,  or 
cicatricial  contraction  of  the  skin  following  burns,  injuries,  or 
necrosis  of  the  adjacent  bones*  In  senile  ectropion  the  orbicularis 
muscle  is  atrophied,  the  connective  tissue  of  the  lid  absorbed,  and 
the  skin  flabby.  The  lid  falls  away  from  the  ball,  and  the  exposed 
conjunctiva  becomes  hypertrophied  and  inflamed  from  contact  with 

the  air  and  foreign  particles. 
Treatments — In  the  acute 
form  local  application  of  as- 
tringents, scarification  of  the 
swollen  tissue,  or  excision  of  a 
portion  of  the  thickened  mem- 
brane are  of  value.     In  mod- 
erate degrees  of  senile  cctro- 
]>ion    relief  of  the  epiphora 
may  follow  the  formation  of  a 
canal   made  by  slitting    the 
canaliculus,  turning  the  knife 
well  toward  the  ball. 
Excision  of  a  portion  of  the  ciliar}'  border  is  necessary  in  most 
cases  of  ectropion*     A  number  of  operalions  has  been  suggested 
for  shortening  the  lid  border. 


Fig.  77. — Adams  Upewation.— (3/f_j«r*) 


Adams- Ammon  Operations. — A  wedge-shaped  piece  of  the 
lid  margin,  including  the  skin  and  conjunctiva,  is  excised ,  and 
the  edges  of  the  wound  brought  together  by  sutures  (Fig*  77). 
The  shortening  is  preferably 
made  at  the  external  canthus, 
as  suggested  by  von  Ammon, 
since  a  wound  in  the  center  of 
the  lid  leaves  the  border 
notched  and  uneven,  and 
tears  interfere  with  heal- 
ing. 

Cicatricial  Ectropion. — 
In  cases  of  conlraclon  of  the 
skin  from  bums  or  caries  of 
the  bone,  the  lid  margin  must 
be  freed  from  all  dragging  of  thu 
cicatrix,  and  a  firm  base  of  new 
tissue  supplied  to  hold  the  lid 
in  its  normal  position.  Unless 
the  cicatricial   adhesions  are 


Vm.  78. — CirArKjriAL  Ectropjo?^  from 
Caries  of  the  Malar  Bone. — {From 
a  fmlknl  in  ilu  J^jfcrstm  iIi)spiitU.) 


entirely  released,  the  operation  will  fail  to  correct  the  deformity. 
Wharton  Jones  Operation  is  applicable  lo  ectropion  of  either 
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Flo.  79*^W*L|J*  lOK  J  ON  i:s  O  p  eration  .     Fig  .  So,^  W  h  ar  ton  Jon  es  O^OLATtow. 

Inctsii^Ti,  Stilt  hi,"s  In  place. 

the  Upper  or  lower  lid  due  to  a  small  scar.  In  operating  on 
the  lower  lid,  a  V-shaped  incision  is  made  in  the  skin  beneath 
the  everted  portion  of  the  lid^  and  the  flap  pushed  up  until  the 


FiQ,  S3. — HoTZ  OPEEATioyf  FOR  EcTROMOK  OF  Upputt  LiD.    Suturiag. 
Hotz  opera tioDi — In  the  case   of  complete  ectropion  of  the 
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upper  Ud^'^and  partial  destruction  of  the  skin  of   the  supraorbital 

regioDj  Hotz  operates  as  follows: 

An  incision  (A  B  C,  Fig,  81)  is  made  into  the  cicatricial  skin 
above  the  affected  lid.  A  large  flap»  including  the  li<l,  is  dis- 
sected loose  from  the  underlying  tissues  as  far  as  the  lid  border. 
The  lid  with  the  skin  attached  is  brought  into  its  normal  position 
and  spread  out  smoothly.  The  lid  margin  is  then  iSxed  by  four 
sutures  to  the  upper  border  of  the  tarsus.  The  large  wound  above 
is  then  covered  by  dissecting  a  flap  from  I  he  temple  (B  C  D, 
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Fw;.  Sj.— ARLr  Oi*e«ation*     Lines  of  incision. 

Fig*  82),  shding  it  over,  and  securing  the  edges  of  the  skin  margin 
B  C  to  B  A  and  C  I)  to  A  C*  The  denuded  area  on  the  temple 
is  closed  with  Thiersch  grafts.  The  firm  union  of  the  skin  with 
the  upper  border  of  the  tareus  makes  it  impossible  for  cicatricial 
contraction  to  again  evert  the  lid. 

If  a  sufficiently  large  flap  cannot  be  dissected  without  including 
a  portion  of  ihe  eyebrow,  the  lid  must  be  freed  by  an  incision 
below  the  brow,  and  the  raw  surface  co\'ered  with  Thiersch  grafts, 

Arlt  Operation. — ^Arlt   loosens   the  flap  from  all  cicatricial 
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attachments,  and  shortens  the  ciliary  margin.  The  V-shaped 
incision  is  made,  as  shown  in  Fig,  83  (A,  B,  D),  and  the  skin 
of  the  flap  nndermined*  A  piece  of  the  lid  border  and  skin, 
C,  F,  D,  E,  is  removed,  the  incision  C  F  passing  just  back  of  the 
eyelashes.  The  hd  margin  is  now  formed  by  sliding  F  to  C  and 
D  to  E,  and  suturing  in  place.  The  opened  wound  on  the  cheek 
is  covered  by  undermining  the  skin  and  suturing  the  margins,  but 
if  too  large  the  uncovered  portion  is  closed  by  Thiersch  grafts. 
Distichiasis  consists  of  a  double  row  of  eyelashes,  the  one 
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FtG.  84. — AriT  Ot^JiiEATlON .     Sutures  in  pkce. 

in  lis  normal  site  and  curved  forward  and  upward,  and  away 

from  the  ball,  the  other  situated  close  to  the  posterior  edge,  curving 
downward  and  backward  against  the  conjunctiva  and  cornea,  and 
giving  rise  to  chronic  conjunctivitis  and  keratitis.  It  is  frequently 
congenital-  The  offending  cilia  should  be  removed  by  epilation 
or  destro)-cd  by  electrolysis. 

Trichiasis  is  an  irregularity  in  the  growth  and  direction  of  the 
lasheSj  and  is  the  result  of  traumatism  or  of  conjunctival  disease^  by 
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which  the  conjunctival  sac  is  reduced  by  cicatricial  contraction  and 
intuming  of  the  lid.  Some  of  the  hairs  are  unchanged  from  the  nor- 
mal, while  others  are  deformed,  thickened,  and  assume  various  di- 
rections. The  ball  becomes  irritated  as  in  distichiasis.  The  offend- 
ing lashes  can  be  permanently  destroyed  by  electrolysis  or  tempora- 
rily removed  by  epilation.  If  their  number  is  great,  radical  operation 
on  the  lid  should  be  performed,  as  described  under  entropion. 

Entropion,  or  turning  inward  of  the  ciliary  margin  of  the 
lid,  is  usually  classified  as  spasmodic  or  cicatricial.  Bandaging 
the  eye,  spasm  of  the  orbicularis,  diminution  of  the  size  of  the 
globe,  by  which  the  lid  loses  the  support  of  the  ball,  enophthalmos, 
marked  photophobia,  enucleation,  or  loss  of  muscular  tone  fre- 
quent in  old  people,  will  produce  entropion  of  variable  degree 
and  duration.  Permanent  entropion  is  one  of  the  common 
sequences  of  the  cicatrization  of  the  conjunctiva  from  trachoma, 
xerosis,  or  bums.  It  may  affect  both  lids.  By  the  friction  of  the 
lashes  and  edge  of  the  lid  against  the  ball,  recurring  attacks  of 
conjunctivitis  and  vascular  keratitis  are  excited. 


Tig.  85. — Cilia  Forceps. 

In  mild  and  transient  cases  cure  may  be  affected  by  several 
coats  of  collodion  apph'ed  to  the  skin  of  the  intuming  lid;  by  form- 
ing a  cicatricial  line  with  a  stick  of  caustic  potash  on  the  skin 
3  mm.  away  from  the  border  and  parallel  with  it;  by  adhesive 
strips;  and  by  canthotomy  or  division  of  the  innermost  fibers  of 
the  orbicularis  muscle  at  the  outer  canlhus.  When  these  simple 
measures  fail,  one  of  the  numerous  operations  devised  for  the 
radical  reformation  of  the  lid  must  be  made. 

Burow's  Operation. — For  the  cure  of  the  entropion  of  tra- 
choma, Burow  devised  the  following  o])eration: 

The  conjunctiva  and  tarsus  are  divided  parallel  with  the 
ciliar}'  margin  and  about  3  mm.  from  it,  the  incision  following 
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the  white  line  of  cicatrization  common  to  trachomatous  lids.  The 
cut  is  commenced  at  the  temporal  side,  a  grooved  director  in- 
serted and  passed  to  the  nasal  side,  and  the  incision  completed, 
A  fold  of  skin  over  the  tarsus  is  excised,  and  the  edges  of  the  skin 
wound  sutured.    The  result  is  not  permanent* 

Green*s  operation  is  a  modification  of  the  Burow,  but  gives  a 

more  immediate  effect,  and  a  more 
lasting  result.  It  is  performed  as 
follows; 
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After  the  horizontal  incision  has 
been  made  through  the  conjunctiva 
and  tarsuSj  and  a  strip  of  skin  2  mm. 
in  width  excised  the  length  of  the 
li<l,  a  suture  is  introduced  at  the 
conjunctival  edge  of  the  cihar)'  mar- 
gin, passed  through  the  lid,  and 
brought  out  at  the  lower  edge  of 
the  denuded  section,  re-entered  at 
the  upper  edge  of  the  same  section, 
passed  vertically  through  the  subcu- 
taneous tissue,  and  brought  out 
through  the  skin  about  i  cm.  above 
its  second  point  of  entrance.  The 
two  ends  of  the  suture  are  tied,  thus 
everting  the  ciliary  border,  and  bring- 
ing together  the  edges  of  the  skin 
woun  d  *  At  e  m  pora  ry  i  nc  re  a  se  i  n  th  e 
effect  of  the  operation  is  made  by 
turning  the  cilia  up  against  the  skin 
and  fastening  them  with  collodion. 

Harlan ^s    Operation* — Harlan 

uses  sutures   which  press  the  an- 

tenor  lip  of  the  split   Ud   margin  upward,  tilt  the  cilia  away 

from  the  ball,  and  draw  the  tarsus  and  conjunctiva  downward 

(Fig.  86).     He  operates  as  follows: 

After  the  lid  margin  is  spUt,  a  horizontal  strip  of  skin,  3  or 
4  mm.  above  the  ciliar>^  margin  and  parallel  to  it,  is  removed j 
and  a  narrow  band  of  muscular  fibers  is  dissected  out  along  the 
upper  edge  of  the  wound.  The  sutures  are  passed  through  the 
posterior  lip  of  the  split  margin  over  the  roots  of  the  lashes  and 
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slightly  beyond  the  dimensions  of  the  previously  made  incision; 
the  upper  border  is  convex  upward,  making  the  height  of  the 
flap  4  mm.  at  its  center.  The  semilunar  opening  in  the  skin  is 
brought  together  by  interrupted  sutures,  which  draw  the  cilia 
upward  and  away  from  the  eyeball.  The  incisions  in  the  skin 
should  penetrate  to  but  not  through  the  tarsus. 

The  eversion  near  the  lid  extremities  is  limited.  This  defect 
in  the  operation  led  Graefe  to  make  two  vertical  incisions  through 
the  skin  of  the  lid,  commencing  at  the  extremities  of  the  inter- 
marginal  cut,  the  rectangular  flap  thus  formed  being  slid  upward 
and  held  in  place  by  sutures. 

The  second  step  of  the  Jaesche-Arlt  operation  is  not  entirely 
satisfactory.  Like  all  procedures  that  depend  upon  excisions  of 
the  skin  of  the  lid  for  eversion  of  the  lid  border,  the  effect  becomes 
excessive  when  the  lids  are  closed,  amounting  frequently  to  a 
decided  ectropion  from  the  tension  on  the  shortened  skin.  A 
greater  effect  is  obtained  by  transplanting  a  strip  of  skin  into  the 
intermarginal  groove,  combining  the  Jaesche-Arlt  operation  with 
that  of  Anagnostakis-Hotz. 

The  excision  of  a  wedge-shaped  strip  from  the  anterior  surface 
of  the  lid,  including  skin,  muscle,  and  tarsus,  is  followed  by  Streat- 
field  and  Snellen.  The  former  allows  the  wound  to  granulate, 
while  the  latter  brings  the  two  cut  surfaces  together  with  sutures. 

Anagnostakis-Hotz  Operation. — The  principle  upon  which 
this  operation  is  based,  an  eminently  practical  one,  is  the  direct 
amalgamation  by  means  of  a  dense  and  strong  cicatrix  of  the 
skin  of  the  lid  with  the  tarsus. 

While  an  assistant  retracts  the  lid  by  pressing  the  tissues  above 
the  tarsus  against  the  supraorbital  margin,  the  operator  draws 
down  the  ciliary  border  and  makes  a  horizontal  incision  through 
the  skin  2  mm.  above  the  ciliary  border  (Fig.  88).  Hotz  describes 
a  natural  furrow  in  the  lid  that  marks  the  cur\T  of  the  upper 
boundary  of  the  tarsus,  and  he  claims  that  the  most  successful 
results  are  obtained  if  the  incision  is  made  in  this  furrow.  The 
wound  is  made  to  gape  (no  skin  having  been  removed),  the  libers 
of  the  orbicularis  muscle  are  cut  away,  and  the  tarsus  exposed. 
Three  or  four  sutures  are  used.  They  are  passed  through  the 
skin  just  below  the  margin  of  the  incision,  through  the  upper 
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border  of  the  tarsus  and  the  terniination  of  the  tendon  of  the 
levator  palpcbr^e  muscle,  and  brought  out  through  the  skin  just 
above  the  upper  edge  of  the  cut  and  tied* 

Anagnostakis  includes  only  the  lower  edge  of  the  skin  incision 
in  the  stitches^  the  thread  emerging  after  passing  through  the 
border  of  the  tarsus  and  the  tarso-orbicular  fascia.  Greater 
traction  on  the  lid  border  is  secured  in  this  way,  but  the  Hoxz 
method  of  fastening  both  skin  edges  by  the  sutures  gives  a  better 
cosmetic  resuh. 


Indsk.i.  ui..,. 


JPEEATION* 


Flo*  8q. — ANAO*«fOSTAKIS-H0TZ 
OpEslATION,   V^rniciil  section. 


This  operation  insures  permanent  eversion  of  the  cilia,  par- 
ticularly when  combined  with  the  Arlt  intermarginal  operation. 
Skin  from  behind  the  ear  is  usually  selected  to  fill  the  incision  in 
the  lid  border.  The  strip  should  be  2  mm.  on  its  external  surface 
and  slightly  longer  than  the  groove  it  is  to  fill.  It  is  transferred 
directly  to  the  opening  in  the  lid  border  and  carefully  pressed  into 
place.  No  sutures  are  used.  Both  eyes  are  bandaged  for  twenty- 
four  hours  with  dressings  wet  with  normal  salt  solution,  and 
the  wound  afterward  anointed  with  carbolized  vaselin,     Desqua- 
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matiV>n  of  the  surface  of  the  new  skin  usually  continues  for  a  week 
or  m^>re. 

Van  Milh'njijen  selects  a  strip  of  mucous  membrane  from  the 
inner  surface  of  the  lower  lip  to  fill  the  gap  at  the  intermarginal 
f^pace.  This  obviates  any  possibility  of  irritation  of  the  cornea 
fr^j^  fine  hairs  which  may  be  found  in  the  transplanted  skin  flap. 

Skin  grafting  is  an  essential  part  of  many  plastic  lid  opera- 
iifm.'^.  Under  thorough  asepsis  the  graft  is  removed  either  by  the 
TTiiersch  or  Wolfe  method  and  transplanted  directly  to  the  area 
to  be  covercrl. 

In  the  Thiersch  method  the  epithelial  layer  of  the  skin,  usually 
from  the  inner  portion  of  the  arm  or  thigh,  is  shaved  off  with  a 
raz^^r,  carrier!  directly  to  the  denuded  area,  and  spread  over  the 
raw  .surface  with  a  fine  probe.  The  process  is  repeated  until  the 
%urisicc  has  lx,-en  covered. 

The  method  oj  Wolje  consists  in  the  excision  of  a  piece  of 
healthy  skin  one-third  larger  than  the  part  to  be  covered.  The 
graft,  frccrl  from  connective  tissue  and  fat,  is  carried  directly  to 
the  wound,  or  is  placed  temporarily  in  warm  saline  solution.  If 
too  large,  it  should  be  trimmed,  moulded  into  place  without 
creasing,  and  covered  with  gold-beater's  skin,  the  dressings  not 
Ix'ing  dislurlxrd  for  four  or  five  days.  Sutures  to  hold  the  graft  in 
place  arc  usually  dispensed  with. 

Blepharophimosis  is  a  narrowing  of  the  palpebral  fissure  from 
chronic  disease  of  the  conjunctiva  or  ulceration  of  the  extremities 
of  lx>th  lirls,  or  it  is  congenital.     It  is  corrected  by  canthoplasty. 

Ankyloblepharon  is  an  adhesion  of  the  ciliar)*  borders  of 
the  upper  anri  lower  h*ds,  either  congenital  or  the  result  of  burns 
or  injuries  that  rieprive  the  conjunctival  surfaces  and  borders  of 
the  lids  of  their  epithelium.  When  the  defect  is  the  result  of 
burns,  the  conjuncliva  and  cornea  are  usually  included  in  the  cica- 
tricial mass,  and  useful  vision  is  destroyed.  If  the  eye  is  not 
seriously  and  irreparably  damaged,  a  plastic  operation  by  which 
skin  or  mucous  membrane  is  transplanted  may  be  of  service,  or, 
after  dissection  of  the  lid  from  the  ball,  a  new  lid  may  be  formed 
l)y  suturing  the  llaj)  of  mucous  membrane  to  the  inner  surface  of 
the  old  lid. 
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Symblepharon  is  an  attachment  of  the  coDJunctival  surface 
of  the  eyelid  to  the  ball.     It  is  fully  described  on  page  252, 

Canthotomy  and  Cantboplasty. — The  operation  of  cutting' 
the  external  palpebral  fissure  (canlhotomy)  is  performed  in  marked 
blepharospasm,  in  intense  photophobia  of  corneal  ulcers,  and  to 
relieve  the  pressure  upon  the  cornea  of  swollen  and  inflamed  lids. 
One  blade  of  large  blunt-pointed  scissors  is  introduced  into  the 


1^ 
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Fig.  90. — CA4VTBOPLASTY. 


conjunctival  sac  behind  the  external  canthus,  and  the  skin  and 
the  conjunctiva  freely  divided*  After  the  hemorrhage  has  ceased, 
the  wound  is  anointed  with  carbolized  vaselin  and  the  eye  ban- 
daged<  Permanent  lengthening  of  the  palpebral  fissure  (caniho- 
^asty)  is  made  in  the  following  manner; 

The  external  commissure  is  divided  as  in  canthotomy,  the  skin 
incision  being  slightly  longer  than  that  of  the  mucous  membrane. 
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The  wound  is  separated^  and  the  skin  and  mucous  surfaces  brought 
together  by  thr^  sutures.     (See  Fig-  90.) 

Tarsorrhaphy*— ^Shortening  of  the  palpebral  fissure  is  secured 
in  the  following  manner; 

After  the  degree  of  narrowing  of  the  fissure  has  been  deter- 
mined and  marked  upon  the  skin,  a  spatula  is  introduced  in  the 
external  commissure,  and  the  ciliary  border  of  the  external  angle 


Fig*  91, — Taj^sorrhaphy, 

of  the  lids,  including  the  hair  follicles,  removed.  The  stitches 
are  then  introduced  as  shown  in  the  illustration  (Fig,  91),  and 
tied  so  that  the  denuded  surfaces  are  brought  together. 

Injuries  to  the  lids  are  received  from  sharp  or  blunt  instru- 
ments, from  blows  of  the  fist,  and  from  other  direct  traumatism. 
Incised  wounds  are  apt  to  bleed  freely,  swell,  and,  unless  promptly 
treated,  result  in  deformity.  They  are,  as  a  rule,  not  serious, 
but  are  accompanied  by  subcutaneous  hemorrhage,  the  blood 
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percolating  through  the  loose  connective  tissue  and  discoloring 
the  skin,  requiring  a  week  or  more  for  absorption.  Should  the 
ecchymosis  be  severe  and  threaten  to  induce  a  purulent  inflamma- 
tion, it  should  be  removed  by  incision  in  its  most  dependent  por- 
tion. Absorption  may  be  hastened  by  the  application  of  pressure 
bandages  soaked  in  a  weak  solution  of  ammonium  chlorid.  Incised 
wounds  should  be  sutured  after  carefully  approximating  the  edges 
of  the  cut. 


CHAPTER  V. 

DISEASES  OF  THE  LACRIMAL  APPARATUS;  DIS- 
EASES OF  THE  ORBIT:  AND  DISEASES  OF 
THE  CAVITIES  ACCESSORY  TO 
THE  ORBIT. 

By  Christian  R.  Holmes,  M.D. 

Cincinnati.  Ohio. 

Diseases  of  the  Lacrimal  Apparatus. 

Anatomy. — The  lacrimal  apparatus  consists  of  the  glands  by  which 
the  tears  are  secreted,  the  canaliculi  which  collect  the  fluid  from  the 
inner  canthus,  and  the  sac  and  nasal  duct  through  which  the  tears  are 
conveyed  to  the  inferior  meatus  of  the  nose. 

The  suiHjrior  lacrimal  gland  is  located  in  the  upper  and  outer  por- 
tion of  the  orbit  in  a  slight  depression  in  the  orbital  plate  of  the  frontal 
bone,  to  the  [>criostcum  of  which  it  is  united  by  delicate  fibrous  bands. 
It.s  lower  surface  is  slightly  concave,  conforming  to  the  shape  of  the 
glol>e.  The  inferior  gland,  as  it  is  called,  is  an  aggregation  of  from 
fifteen  to  forty  small  gland  bodies  lying  more  suj)erficially  beneath  the 
upjKrr  conjunctival  fornix. 

The  gland  is  of  a  delicate  yellowish-pink  color,  resembles  an  almond 
in  shape,  and  its  average  size  is  20  mm.  long,  11  mm.  wide,  and  5  mm. 
thick.  The  superior  gland  is  separated  from  the  inferior  by  a  thin 
fascia.  The  ducts  from  the  gland  form  a  row  of  minute  openings 
in  the  upper  and  outer  portion  of  the  fornix.  The  lacrimal  gland  is  a 
compound  tubulo-racemose  structure  receiving  its  blood-supply  from 
the  lacrimal  l>ranch  of  the  oj)hthalmic  artery,  and  ner\'e  filaments  from 
the  sympathetic  and  lacrimal  branch  of  the  ophthalmic  nerves. 

Krause\s  glands,  about  forty  in  number,  are  located  in  the  loose 
cellular  tissue  under  the  conjunctiva  along  the  upper  edge  of  the  tarsus, 
and  assist  in  lubricating  the  globe,  their  functions  being  markedly 
increased  after  extirpation  of  the  lacrimal  gland. 

The  lacrimal  passages  begin  with  the  puncta  lacrimalia  in  the 
slightly  elevated  crater-like  oj)ening  on  the  margin  of  each  lid  near  the 
inner  canthus.  The  upper  canaliculus  first  ascends  for  2  mm.  from 
the  punctum,  rapidly  increasing  in  diameter,  then  makes  a  shaq)  l)end 
and  j)asses  inward  and  downward  for  about  7  mm.    The  lower  canal 
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ttmerses  this  course.     Both  canals  empty  mio  a  common  duct,  or  hy 
iBKlependent  openings,  direclly  into  a  diverticulum  of  the  lacrimal  sac. 

The  lacrimal  sac  is  located  at  the  inner  angle  of  the  eye  in  a  bony 
groove^  and  is  about  15  mm.  long  and  6  to  S  mm.  in  its  greatest  trans- 
verse diameter.  The  upper  end  is  dome-shaped,  and  rises  2  mm.  above 
the  upper  margin  of  the  internal  paljiebral  ligament^  which  passes  in 
front  of  it.  As  the  latter  can  always  be  distinctly  felt,  this  is  a  point  of 
much  imporiance  when  operating  upon  the  sac. 


ABC 


/ 


G    H 


N    P 


Fio*  g2. — MEiBomAN  Claxds  and  Lacriiial  Apparatus,  (The  soft  pans  have 
been  swung  out  of  the  orbit,  the  hinge  being  at  the  idsertioTi  of  the  teodo 
oeuU.)  A,  Superior  portion  of  lacrimal  gland;  B,  inferior  portion  of  kcdmal 
ebnd;  C,  levator  palpebrEe  superiods  musi^le;  D,  frontal  stnua;  F,  on&ces  of 
lacrimal  ducts;  G^  orifices  of  ducts  of  Meibomian  glands;  H,  conjunctiva^ 
K,  MeibomJan  glands;  M,  lacrimal  canaliculi;  N^  lacriiniil  sac;  P,  tensor 
twfsi  miiscle.^ -Dealer,) 


The  lacrimal  sac  is  narrowest  at  its  junction  with  the  nasal  duct. 
This  is  a  favorable  point  for  the  formation  of  strictures,  resulting  from 
inflammation  within  the  sac,  or  from  osseous  or  periosteal  inflamma- 
tion. 

The  bony  canal  empties  into  the  inferior  meatus  of  the  nose  by  a 
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slit-b'ke  o]Dening  about  lo  mm.  below  the  attachment  of  the  inferior 
turbinated  body.* 

The  lacrimal  secretion  is  a  perfectly  clear,  colorless  fluid  of  feebly 
alkaline  reaction. 

Diseases  of  the  Lacrimal  Gland.— Pathologic  processes  in 
the  gland  are  exceedingly  rare. 

Dacryoadenitis  is  an  inflammation  of  the  gland,  either  acute 
or  chronic,  the  result  of  infection  through  trauma  or  extension 
from  neighboring  structures.  Its  treatment  is  conducted  on 
ordinary  surgical  principles.  If  pus  formation  cannot  be  aborted, 
the  resultant  abscess  should  be  opened,  and  all  of  the  gland  tissue 
removed,  so  that  a  lacrimal  fistula  will  not  result. 

Hypertrophy  may  be  diflScult  to  differentiate  from  some  of 
the  malignant  tumors,  but  as  extirpation  of  the  gland  is  the  treat- 
ment of  both  conditions,  a  differential  diagnosis  is  not  imperative. 
Atrophy  of  the  gland  may  be  associated  with  xerosis  of  the  con- 
junctiva.   Dislocation  of  the  gland  is  spontaneous  or  traumatic. 

Tumors  are  adenoma,  carcinoma,  cylindroma,  lymphad- 
enoma,  chloroma,  and  sarcoma.  Total  removal  of  the  gland  is 
the  treatment  of  any  of  these  conditions.  Cysts  or  dacryops 
follow  swelling  of  one  of  the  tubules  from  obliteration  of  its  open- 
ing in  the  fornix.  The  tumor  lies  in  the  upper  fornix,  is  blue  in 
color,  and  collapses  after  incision,  emitting  a  few  tears.  Dacr}'o- 
liths  are  small  hard  bodies  composed  mainly  of  chalky  secretions 
in  the  ducts  of  the  gland.  They  may  be  readily  extracted.  Syphil- 
itic enlargements  or  gumma  are  rare,  and  are  treated  with  the 
usual  anti-syphilitic  remedies.  Inflammation  of  the  gland  is  an 
occasional  complication  of  mumps. 

Diseases  of  the  canaliculi  are  due  to  obstruction,  abnormal 
conditions  of  the  lid  margins,  ulceration,  growths,  or  traumatism. 
They  may  also  result  from  inflammation  of  the  caruncle  or  dis- 
placement of  the  puncta  lacrimalia  from  senile  relaxation,  cica- 
tricial contractions,  or  paralysis  of  the  seventh  nerve.  The  puncta 
may  also  be  congenitally  absent. 


♦Christian  R.Holmes:  "Hypertrophy  of  the  Turbinated  Bodies  and  their 
Relations  to  Inflammation  of  the  Middle  Ear,  with  Report  of  1500  Operations," 
New  York  Med.  Jour.,  Sept.  29,  Oct.  13,  1900. 
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Strictttre. — Congenital  atresia  is  rare,  but  strictures  due 
to  inflammation  are  quite  frequent.  The  stricture  is  generally 
located  near  or  at  the  junction  with  the  common  duct,  or,  when 
this  is  absent,  at  the  point  of  entrance  into  the  sac.  Obstruction 
from  foreign  bodies,  such  as  cilia,  beards  of  grain,  chalk  deposits, 
and  leptothrix,  also  occurs. 

Treatment  is  by  dilatation.  In  slitting  the  canaliculus  the  lid 
should  be  drawn  tensely  downward  and  outward,  the  punctum 
dilated  by  a  fine  probe,  and  the  blunt  tip  of  the  canaliculus  knife 
(Fig.  93)  introduced  vertically  into  the  punctum.  The  handle  of 
the  knife  should  then  be  lowered  to  a  horizontal  position,  and 
the  sharp  edges  of  the  blade  turned  upward  and  backward,  the 
blade  being  pushed  through  the  canal  till  the  probe  point  enters 
the  sac  and  impinges  upon  the  lacrimal  bone.  The  canaliculus 
is  now  divided  by  elevating  the  knife  handle  while  the  lid  is 
firmly  held. 


Fig.  93. — Canaliculus  Knife. 


Diseases  of  the  Lacrimal  Sac  and  Duct.— The  lacrimal  sac 
is  subject  to  congestions  and  inflammations  of  the  same  character 
as  the  membranes  with  which  it  is  continuous.  A  careful  examina- 
tion of  the  nares  and  conjunctival  sac,  an  estimation  of  the  amount 
of  swelling  and  obstruction  by  the  injection  of  fluids  with  a  lac- 
rimal syringe,  and  a  determination  of  the  character  of  inflamma- 
tion by  the  quantity  and  character  of  the  secretion  are  essential  to 
the  diagnosis.  Treatment  of  the  nose  will  often  bring  relief  with- 
out any  treatment  of  the  tear  sac.  Many  cases  of  hyperemia  become 
chronic  inflammations  by  injudicious  probing  and  the  injection  of 
too  strong  astringents.  In  evcr>'  case,  mild  or  severe,  it  is  neces- 
sary to  correct  any  constitutional  disturbances  which  might  aid 
in  bringing  about  hyperemia  or  inflammation  of  the  mucous 
membranes,  as  syphiUs,  rheumatism,  gout,  excess  of  uric  acid, 
or  autoinfection  from  indigestion  or  constipation. 
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Catarrhal  Dacryocystitis.^As  a  result  of  the  engorgement 
of  the  lining  membrane  of  the  sac,  and  especially  of  the  venous 
ple^cus  in  the  bony  canalj  the  lumen  of  the  duct  becomes  contracted 
or  obliterated,  and  the  passage  of  secretions  is  prevented.  The 
tears  and  mucus  begin  to  accumulate  and  distend  the  sac-  The 
bacteria  normally  found  in  this  tract,  and  the  more  active  germs 
of  infection  from  the  nose,  find  a  favorable  medium  for  rapid 
multiplication.  The  secretion,  which  at  first  was  clear  and  fluid, 
becomes  more  abundant,  turbid,  and  viscid,  due  to  the  exfoliated 
epithelial  cells  and  to  hypersecretion  of  the  mucous  glands.  The 
escape  of  small  quantities  of  this  irritating  fluid  through  the  can- 
aliculi  into  the  conjunctival  sac  leads  to  an  inflammatory  con- 
dition of  the  caruncle  and  conjunc* 
tiva  which  is  known  as  lacrimal 
conjunct  ivii  is. 

There  now  results  hypertrophy 
of  the  conjunctiva  of  the  lower  lid, 
with  a  tendency  to  ectropion  and 
belpharitis  ciliaris.  The  gathering 
of  tears,  dust,  and  bacteria  in  the 
trough  formed  between  the  partially 
everted  lid  and  the  globe  becomes  a 
source  of  danger  to  the  eye,  destruc* 
tive  corneal  ulceration  being  a  not 
infrequent  complication,  secondary 
to  slight  corneal  abrasions.  If  the  inflammation  does  not  pass 
into  the  purulent  form,  but  remains  in  the  catarrhal  stage,  the 
upper  and  lower  outlet  to  the  sac  may  be  practically  dosed  by 
sweUing. 

The  sac  now  is  tense,  though  still  elastic,  and  forcible  pressure 
may  fail  to  empty  it*  If,  however,  evacuation  takes  place,  the 
contents  are  usually  discharged  through  the  nasal  duct  into  the 
nose,  giving  a  sensation  to  the  examining  finger  as  if  the  sac  had 
ruptured. 

The  folds  of  mucous  membrane  which  naturally  exist  in  the 
canal  and  sac  become  swollen,  and  act  almost  like  valves,  a  function 
which  some  authors  have  ascribed  to  them  under  normal  conditions. 
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It  is  their  interference  which  often  makes  it  so  difficult  to  pass  a 
probe  during  this  period,  the  end  of  the  instrument  being  caught  in 
the  fold.  Careless  manipulation  may  cause  permanent  damage 
by  laceration  of  the  mucous  membrane  with  resultant  cicatrices 
or  adhesion,  or  lead  to  infection  and  the  formation  of  a  perisaccular 
abscess. 

Swelling  and  tenderness  over  the  sac  may  be  entirely  pericystic, 
and  due  to  an  extension  of  empyema  of  the  antrum  of  Highmorc 
or  the  ethmoid  cells. 

Some  of  the  cases  of  suppuration  of  the  lacrimal  gland  reported 
by  earlier  writers  no  doubt  were  cases  in  which  pus  had  passed 
from  one  of  the  affected  accessor}^  cavities  or  even  cranium  into 
the  orbit;  pus  from  this  source  most  frequently  points  at  the  inner 
canthus,  but  may  also  point  over  the  region  of  the  lacrimal  gland. 
Pus  may  enter  the  orbit  from  any  one  of  the  accessory  cavities, 
even  from  the  sphenoid,  but  the  frontal  sinus  and  ethmoid  cells 
are  the  most  frequent  sources. 

Treatment. — The  treatment  is  based  upon  the  general  sur- 
gical principles  of  free  drainage  from  any  cavity  threatened  with 
purulent  infection,  or  the  radical  removal  of  an  offending  and 
threatening  condition  when  palliation  is  impracticable  or  impos- 
sible. Inflammations,  hypertrophy,  or  malformation  of  the  nasal 
structures  must  receive  attention  and  be  treated  by  local  appli- 
cations or  surgical  measures. 

The  canaHculi  must  be  slit  up  into  the  sac,  as  previously  de- 
scribed, and  the  sac  thoroughly  washed  out  with  cleansing  and 
antiseptic  solutions.  Gentle  efforts  must  then  be  made  to  re- 
establish the  permeability  of  the  nasal  duct  by  means  of  probes. 
FaiUng  in  this  after  a  reasonable  amount  of  effort,  the  sac  and  duct 
must  be  extirpated  by  the  knife  and  curette,  and  when  this  is 
undertaken  the  lacrimal  gland  must  also  be  removed  to  prevent 
the  annoying  epiphora  which  remains  after  the  total  destruction 
of  the  drainaj^c^-'  apparatus. 

Purulent  Dacryocystitis. — In  many  cases  the  inflammation 
passes  from  ihc  catarrhal  to  the  purulent  stage,  or  it  may  begin 
as  purulent,  a  condition  recognized  by  the  color  of  the  secretion 
when  expressed  throui^h  the  tear  ducts.     The  mucous  membrane 
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of  the  tear  sac,  if  opened  and  inspected  at  this  period,  is  of  a 
succtileiitT  dark  red  appearance.  In  this  condition  the  conjunc- 
tivitis is  intensified  on  account  of  the  irritating  character  of  the 
secretion.  Even  eczematous  excoriation  of  the  cheek  may  result* 
The  treatment  is  the  same  as  that  just  described p 

Phlegmonous  Dacryocystitis* — A  targe  proportion  of  cases 
pass  into  a  purulent  inflammation  of  the  sac,  ynth  ulceration  of 
the  mucous  membrane  and  Infiltration  of  the  perisaccular  tissues 
with  bacteria^  serums  and  lymphoid  cells,  The  region  of  the  sac 
becomes  swollen  and  brawny^  the  lids  are  closed  by  the  edema, 
the  skin  is  purple  and  glazed,  and  there  is  fever,  pain,  and  tender- 
ness on  pressure.  On  account 
of  the  swelling,  the  puncta  are 
hidden  from  view,  and  efforts 
at  probing  and  syringing  are 
painful  and  useless.  Surgical 
or  spontaneous  opening  of  the 
sac  will  bring  relief.  With 
evacuation  of  the  pus  the  pain 
subsides.  The  lining  mem- 
brane of  the  sac  is  of  a  dark 
red  or  bluish  color,  irregularly 
thickened  and  readily  bleeding. 
The  secretion  gradually  dimin- 
ishes, changing  in  character 
from  purulent  to  mucoid,  and 
lastly  becoming  clear,  the  per- 
foration contracting  to  a  minute  opening  through  which  the  tears 
appear  h'ke  little  ghstening  beads,  and  trickle  down  the  cheek. 

This  condition  is  known  as  lacrimal  fisiula,  and  may  remain 
as  such  for  an  indefinite  period.  It  generally  closes,  and  the 
patient  is  relieved  of  all  discomfort  until,  from  an  acute  coryza  or 
exposure,  the  inflammation  starts  up  again  and  the  process  is 
repeated.  Some  patients  have  several  attacks  in  rapid  succession. 
Phlegmon  occasionally  dc^^elops  from  inflammation  of  the 
surrounding  parts,  the  primary  seat  of  the  inflammation  being  in 
the  nose  or  accessory  cavities  or  even  about  carious  teeth.     Early 
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in  these  cases  the  inflammation  is  independent  of  the  sac,  which 
functionates  properly,  or  at  least  permits  of  forcing  fluids  through 
with  a  sjnringe  under  slight  pressure,  but  eventually  the  sac  and 
duct  become  involved. 

The  illustration,  Fig.  95,  is  that  of  a  patient  who  sought  advice 
on  account  of  a  phlegmonous  dacr}'ocystitis;  which,  however,  was 
secondar)'  to  chronic  purulent  inflammation  of  the  antrum  of 
Highmore,  with  necrosis  of  bone;  in  addition,  purulent  infection 
involved  ever)'  accessory  cavity  on  the  right  side.  These  parts 
were  freely  opened,  curetted,  and  all  necrosed  bone  removed  in 
several  operations,  resulting  in  complete  cure. 

Stricture  of  the  Lacrimal  Duct. — The  duct  may  readily  be 
occluded  by  swelling  of  the  surrounding  erectile  tissue  and  mucous 
membranes,  the  latter  being  a  direct  continuation  from  the  nose. 
Strictures  are  generally  located  at  the  entrance  of  the  sac  into  the 
duct,  at  the  seat  of  the  valve-like  folds  previously  mentioned, 
or  at  the  nasal  orifice  of  the  duct,  where  it  passes  obliquely 
through  the  mucous  membrane  of  the  nose.  Strictures  result  also 
from  causes  external  to  the  sac,  as  a  consequence  of  disease  of  the 
bony  w^all  from  inflammation  within  the  antrum,  syphilis  of  the 
nose,  periostitis,  exostosis,  tumors,  or  trauma. 

Symptoms  of  stricture  var}'  from  the  slightest  interference 
with  the  free  passage  of  the  tears  to  absolute  occlusion,  constant 
epiphora,  eversion  of  the  lower  lid,  and  even  eczema  of  the  face. 
Many  cases  of  acute  coryza  arc  accompanied  by  a  slight  watering 
of  the  eyes,  which  passes  away  with  the  subsidence  of  the  catarrhal 
symptoms  without  any  treatment;  but  oft-repeated  and  prolonged 
attacks  may  bring  about  hypertrophy,  and  the  affection  becomes 
permanently  established. 

Treatment. — Before  beginning  treatment  it  is  important  to 
determine  first  what  pathologic  changes  have  taken  place; 
whether  the  obstniclion  is  due  to  a  recent  infiltration  secondary 
to  an  acute  or  chronic  inflammation  having  its  origin  within  the 
sac  or  adjacent  structures,  or  whether  a  long-draw^n-out  process 
has  reached  the  stage  of  cicatrization,  resulting  in  one  or  more 
firm  strictures.  In  the  first-named  condition  frequent  probing* 
with  the  exercise  of  more  or  less  force,  will  generally  increase 
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the  infiltration,  whereas  in  the  second  stage  such  treatment  must 
be  resorted  to  to  effect  a  cure. 

If  the  occlusion  is  due  to  an  intense  hyperemia  or  a  catarrhal 
attack,  which  in  about  90  per  cent,  of  these  cases  is  secondary 
to  inflammation  of  the  nasal  mucous  membranes,  attention 
should  first  be  directed  to  the  treatment  of  these  parts,  removing 
growths  or  hypertrophies  if  they  are  present,  and  making  appli- 
cations of  astringents,  especially  well  up  under  the  inferior  turbi- 
nated, over  the  outlet  of  the  lacrimal  duct.  In  this  stage  the 
canaliculi  should  not  be  slity  nor  probes  passed^  only  the  puncta 
stretched  with  a  conical  dilator  to  facilitate  the  introduction  of 
the  tip  of  a  lacrimal  syringe  and  the  sac  washed  out  with  bland 
alkaline  or  saturated  boric  acid  solutions;  preceding  this  by  an 
injection  of  i  :  5000  adrenalin  solution  is  often  a  useful  aid.  Of 
great  importance  is  careful  attention  to  the  antiturgescent  treat- 
ment, i.  e.,  stimulating  the  action  of  the  liver,  bowels,  kidneys, 
and  skin,  and  also  regulating  the  diet  and  the  use  of  stimulants. 
The  first  indication  in  the  treatment  of  a  cicatricial  stricture  is  to 
attempt  to  reestablish  the  passage  by  means  of  small  or  medium- 
sized  probes,  in  order  that  cleansing  and  astringent  solutions  may 
be  injected  into  the  sac  and  duct  with  a  lacrimal  syringe.  The 
most  useful  of  these  are  saturated  solutions  of  bicarbonate  of  soda, 
followed  by  0.5  per  cent,  solution  of  nitrate  of  silver,  or,  if  purulent, 
peroxid  of  hydrogen,  one-fourth  to  one-half  dilution  with  warm 
water,  followed  by  the  silver  salt.  These  remedies  can  be  supple- 
mented by  astringents,  such  as  permanganate  of  zinc,  graduated 
according  to  the  severity  of  the  inflammation.  It  is  generally 
agreed  that  the  lower  canaliculus  should  be  selected  for  slitting, 
preparatory  to  the  use  of  probes  of  medium  and  large  size.  The 
canaliculus  must  often  be  slit  throughout  its  entire  length,  even 
into  the  sac.  Removal  of  the  inner  wall  of  the  canaliculus  after 
slitting  facilitates  drainage.  If  the  opening  into  the  sac  is  not 
of  sufficient  size,  the  larger  sized  probes  will  fail  to  enter,  as  shown 
by  puckering  of  the  skin  of  the  lower  lid  at  the  inner   canthus. 

The  method  most  frequently  adopted  is  by  slow  dilatation. 
The  smaller  probes  are  inserted  and  left  in  place  for  ten  to  twenty 
minutes  or  longer  at  each  sitting.     The  treatment  is  repeated 


STRICTURE  OF  THE  LACRIMAL  DUCT.  141 

at  first  even*  two  or  three  days;  then,  gradually  lengthening  the 
time  between  treatments  and  increasing  the  size  of  the  probe  until 
the  largest  sizes  are  passed,  only  once  in  three,  four,  or  six  weeks. 
After  several  such  inter\-als  have  elapsed,  without  evidence  of 
contraction,  the  case  may  be  regarded  as  cured. 

Authorities  still  dilTer  as  to  the  advisability  of  the  use  of  the 
verj'  large  probes.  Theobald  advocates  a  set  of  sixteen,  the 
smallest  of  which,  Xo.  i,  has  a  diameter  of  0.25  mm.;  the  largest, 
No.  16,  a  diameter  of  4  mm.  The  latter  he  uses  in  60  per  cent,  of 
his  cases,  including  children.  Bowman's  set  of  probes  contains 
only  six,  the  largest  being  1.50  mm.  in  diameter.  Many  operators 
prefer  the  olive-pointed  to  the  straight.  The  late  Dr.  E.  Williams, 
of  Cincinnati,  was  probably  the  first  to  introduce  this  shape.  He 
also  introduced  the  use  of  silver  stylets  for  permanent  maintenance 
of  dilatation,  the  largest  having  a  diameter  of  2.9  mm.,  while  the 
diameter  of  the  bulbous  portion  of  his  largest  probes  was  3.25  mm. 
Dr.  John  Green,  of  St.  Louis,  suggested  leaden  stylets  because  of 
the  greater  facility  with  which  they  could  be  adapted  to  each  case. 

The  passing  of  large  probes  through  the  drainage  apparatus 
is  a  painful  proceeding,  and  is  intensified  by  the  frequency  and 
prolonged  duration  of  the  treatment.  The  injection  of  cocain 
into  the  sac  has  robbed  this  treatment  of  much  of  its  severity. 

If  the  stricture  is  extensive  and  firm  it  may  be  divided  with  a 
Stilling's  knife  inserted  into  the  nasal  duct;  the  result  may  be  in- 
creased and  the  strictures  divided  in  two  or  three  places,  by  partly 
withdrawing  and  rotating  the  knife  before  i)assing  it  through  the 
duct  again.  This  should  be  followed  by  the  largest  sized  probes 
possible,  and  this  probing  repeated  daily  or  every  second  day, 
gradually  lengthening  the  period  between  each  treatment,  until 
the  duct  shows  evidence  of  remaining  patulous.  In  many  cases 
there  is  a  constant  tendency  to  recurrence  of  the  stricture,  requiring 
the  use  of  the  probe  again  from  time  to  time.  The  permanent 
wearing  of  stylets  and  hollow  cannulas  should  be  abandoned. 

Extirpation  of  the  Lacrimal  Sac  and  Glands.'*' — If,  after 
careful  and  ])r()longucl  treatment,  no  permanent  relief  is  obtained, 

♦Christian  R.  Holmrs:  '•  Kxtirpation  of  the  Lacrimal  Sac  and  Glands,  with 
Report  of   17  ()()iTiuion?,"  Archiv.  of  Ophthal.,  vol.  xxviii,  Xo.  i,  1891). 
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the  operation  of  removal  of  the  sac  and  gland  is  justified — an  opera- 
tion which  will  safely>  quickly,  and  pennanently  relieve  the  patient 
of  an  annoying  epiphora.  The  latter  is  generally  associated  with 
painful  recurrent  Jnllammator>*  attacks  of  purulent  dacr)'ocystitiSj 
which  is  always  a  menace  to  the  safety  of  the  eye  should  an  avenue 
for  the  infection  be  created  either  by  accidental  injur>^  of  the 
cornea  or  by  a  necessity  for  surgical  treatment  of  the  eye. 
Moreover,  total  extirpation  of  the  gland  still  leaves  the  eye  per- 
fectly lubricated. 

The  clestruction  of  the  tear  sac  by  caustics  is  a  slow  and  pain- 
ful method,  and  should  be  abandoned  in  favor  of  the  total  removal 
of  the  sac  by  the  knife  or  curette. 

The  removal  of  the  lacrimal  gland  to  relieve  epiphora  was 
first  practised  by  Lawrence,  in  1867,  but  was  soon  abandoned 
because  of  unfavorable  results  secondary  to  infection.  The  oper- 
ations upon  the  gland  reported  by  De  Wecker  and  Terson  were 
limited  to  that  irregular  aggregation  of  small  nodules  of  gland 
tissue  found  under  the  upper  lid,  and  called  the  secondaPr^  gland, 
which  can  be  removed  under  cocain  anesthesia.  The  patient  is 
directed  to  roll  the  eye  downward  and  inward,  when  eversion  of 
the  upper  lid  will  in  some  but  not  in  all  cases  bring  into  promi- 
nence the  palpebral  portion  of  the  gland,  which  appears  as  a 
small  irregular  swelling* 

With  strict  attention  to  asepsis  the  dangers  from  infection 
can  be  entirely  eliminated,  and  the  results,  both  immediate  and 
remote,  are  so  highly  satisfacton^  that  there  is  no  reason  why  the 
operation  should  not  be  resorted  to  in  all  suitable  cases* 

Indications  for  the  removal  of  the  tear  sac  and  gland  are: 
(i)  An  acute  or  chronic  dacryocystitis  or  an  obstinate  stricture 
of  the  nasal  duct;  and  also  in  cases  in  which  it  becomes  necessary 
to  operate  upon  the  globe^  as  for  cataract  or  glaucoma,  and  there 
is  not  sufficient  time  to  carr%^  out  other  methods  of  treatment* 
(2)  In  patients  who  cannot  devote  the  time  toj  or  who  may  be 
unable  to  endure,  the  treatment  of  probing.  (3)  In  ail  cases  in  which 
conservatism  has  failed  io  cure  within  a  reasonable  length  oj  tim€* 

Extirpation  of  the  lacrimal  sac  and  gland  is  not  an  easy 
operation  if  performed  in  such  a  manner  that  there  shall  be  primary 
union  of  each  wound  and  no  injury  of  adjacent  parts.    This  is 
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especially  true  of  the  sac<  The  nose  and  sac  should  be  washed 
out  thoroughly  while  the  patient  is  being  prepared  for  the  opera- 
tion, in  order  to  eliminate  as  much  of  the  infected  matter  as  possible 
from  the  field  of  operation.  The  administration  of  an  anesthetic 
is  necessar)\  The  seat  of  operation  is  thoroughly  cleaned,  and 
to  guard  against  infection  from  the  suppurating  sac  the  region 


Fig.  96.— Akteries  and  Veins  SumiotrNDLVG  tbe  Eye. 

of  the  tear  gland  is  covered  with  boratcd  vaselin  and  a  pad  of 
gauze  held  in  place  by  two  or  three  strips  of  rubber  piaster.  Leav- 
ing the  extirpation  of  the  gland  for  the  last  minimizes  the  danger 
from  infectioni 

Extirpation  of  the  Sac  and  Obliteration  of  the  Canalic- 
uli<— In  order  to  avoid  the  larger  arteries  the  incision  is  made  as 
Indicated  by  the  Hne  in  Fig.  96,  which  corresponds  to  the  center  of 
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the  membranous  portion  of  the  sac  and  is  parallel  with  the  muscu- 
lar fibers  of  tho  orbicularis  palpebrarum.  By  placing  the  point  of 
the  left  index- finger  on  the  lower  border  of  the  bony  orbit,  one  can 
readily  trace  the  ridge  extending  upward  along  the  outer  edge  of 
the  lacrimal  groove  in  which  the  sac  is  embedded  until  the  tendo 
oculi  is  reached.  The  fundus  of  the  sac  rises  to  the  upper  edge  e?/, 
or  slighily  abiwe^  the  tendo  ocuIL  The  point  of  the  knife  is  entered 
at  the  center  of  the  low^r  border  of  the  tendo  ocuh,  and  directed 
antero-posteriorly  toward  the  posterior  pole  of  the  globe  of  the 
opposite  eye.  Careful  dissection  through  the  skin  and  underlying 
tissue  exposes  the  sac,  which  is  distended  by  secretions.  It  may 
also  be  recognized  by  passing  a  lacrimal  probe. 

The  iips  of  the  wound  must  be  held  widely  apart  by  two 
small  pronged  retractors,  and  the  field  of  operation  cleared  of 
hemorrhage*  Dissecting  the  sac  out  of  the  lacrimal  groove  with- 
out tearing  its  w^alls  or  opening  any  of  the  large  vessels  found 
in  its  immediate  neighborhood  is  a  difficult  task*  Whh  care,  a 
strabismus  hook  may  be  passed  under  the  sac  near  its  middle, 
after  the  manner  of  its  use  in  tenotomy  of  the  ocular  muscles* 
This  accomplished,  the  sac  is  easily  and  quickly  freed  down  to 
its  insertion  into  the  upper  end  of  the  bony  canal,  from  which  it 
is  cut  off. 

The  bony  canal  is  next  thorougWy  curetted,  and  the  periosteum 
destroyed,  with  the  object  of  favoring  its  filling  up  and  becoming 
obliterated  by  healthy  connective  tissue.  The  wound  is  thoroughly 
cleansed  by  syringing  (the  patient  being  turned  upon  his  side  to 
prevent  the  water  from  entering  the  larynx),  and  then  closed  by 
deep  and  superficial  sutures.  If  the  tendo  oculi  has  been  severed, 
it  must  be  replaced  by  one  or  two  heavy  stitches  so  placed  as  to 
avoid  passing  the  needle  through  the  large  blood- vessels  surround* 
ing  this  point.  If  the  sac  only  is  extirpated,  and  the  canaliculi 
not  destroyed,  a  blind  pocket  generally  forms  at  the  inner  canthus, 
in  which  the  secretion  of  the  eye  and  the  dust  accumulate  and 
keep  up  irritation.  To  avoid  this,  Uie  canaliculi  are  cauterized 
through  their  entire  length  and  th^  lining  membrane  destroyed 
with  a  galvanocauter}*  point.  The  wound  is  now  closed  by  a 
temporary  dressing,  held  in  place  by  adhesion  slips. 

Extirpation  of  the  Lacrimal  Gland. — The  incision  is  made 
along  the  margin  of  the  orbit  (Fig.  97),  cutting  against  the  bone, 
the  cut  beginning  near  the  center  of  the  upper  orbital  arch  and 
following  the  bony  margin  to  a  point  about  3  mm,  below  the  outer 
canthus.  By  following  this  Une  hemorrhage  is  sUgbt.  The 
fascia  or  septum  orbitale  is  cut  through  along  its  attachment  to 
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the  orbital  margin,  and  immediately  beneath  this  is  the  orbital 
fat.  The  resemblance  between  the  orbital  fat  and  the  gland  is 
suflBcient  to  cause  confusion,  especially  if  the  tield  of  operation 
is  partly  obscured  by  hemorrhage.  Should  the  fatty  tissue  present 
in  the  wound,  it  can  be  held  to  one  side  with  retractors.  Bleeding 
points  from  the  edges  of  the  wound  must  be  controlled  so  as  to 
leave  a  perfectly  clear  tield  for  operation.  The  relation  of  the 
anterior  edge  of  the  gland  to  the  bony  margin  of  the  orbit  varies 
slightly;  in  some  the  gland  presents  i  to  2  mm.  upward  and  back- 


FiG.  07. —  KxTiKPATioN  OF  THE  LACRIMAL  (iL/VNi).  I,  Fronial  bonc;  3,  superior 
la(  riinal  gland;  x,  infiHor  lacrimal  glan<i;  4,  (iri)ital  fat;  5,  flaj)  of  soft  tissue 
from  brow;  *,  M-ptum  orbilalo,  disscHlcfl  from  orbital  margin  and  reflected 
downward,  fX})osing  the  orbital  fat  (of  which  a  triangular  mass  often  passes 
outward  and  downward  in  front  of  the  gland).  In  most  cases  the  antericjr 
edge  of  the  gland  lies  2  mm.  upward  and  backward  under  the  orbital  margin. 
6,  UpiKT  li<l;  7.  lat  rimal  -^ac;  a,  a,  line  of  commissure;  /»,  b,  vertical  line  divid- 
ing orbit;  S,  lower  part  of  nasal  <luct;  <),  inferior  turbinated  Ixme;  10,  lower 
orbital   margin. 


ward  from  ihu  edge  of  the  orbit.  There  is  a  thin  but  distinct 
layer  of  fascia  between  the  superior  and  inferior  gland  which 
hides  the  latter  from  view.  Care  should  be  exercised  not  to  dis- 
place  the   orbital   contents   unnecessarily,   or  injure   the   levator 
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palpebrae  superioris  or  the  superior  or  external  rectus.  The 
gland  tissue  is  quite  friable  and  dissecting  it  out  in  its  entirety  is 
difficult.  The  ducts  under  the  under  surface  of  the  gland  offer 
some  resistance.  By  means  of  a  slender  blunt-pointed  pair  of 
scissors,  broad  ocular  fixation  forceps,  small  abscess  knife,  and 
a  pair  of  tenotomy  hooks  the  gland  may  be  completely  extirpated. 
The  wound  is  now  closed  by  two  deep  and  three  or  four  fine 
superficial  silk  sutures,  covered  with  sterilized  borated  vaselin, 
and  a  gauze  and  cotton  pad  fixed  with  strips  of  isinglass  plaster. 

Diseases  of  the  Orbit. 

The  orbit  is  subject  to  the  following  affections:  Periostitis, 
caries  and  necrosis,  gummata  of  the  periosteum,  fracture  of  the 
orbital  margin  or  walls,  the  embedding  of  foreign  bodies,  orbital 
abscesses,  and  tumors  springing  from  or  invading  the  orbit. 

Periostitis  is  an  inflammation  involving  the  periosteum  and 
superficial  layers  of  bone.  As  the  disease  continues  the  inflam- 
mation extends  to  the  neighboring  tissues.  In  chronic  cases 
osteophytes  and  exostoses  form  on  the  bone  surface,  or,  when  the 
deeper  layers  are  involved,  parenchymatous  hyperostosis  results. 

Symptoms. — ^The  symptoms  vary  according  to  the  etiology 
of  the  inflammation  and  its  chronicity.  In  the  acute  form  there 
is  pain,  with  excessive  tenderness  on  pressure,  generally  along  the 
supraorbital  margin.  The  presence  or  absence  of  exophthalmos 
depends  upon  the  amount  and  severity  of  the  inflammation  and 
the  extent  of  the  cellular  involvement.  If  extensive,  severe  con- 
stitutional symptoms  appear,  with  high  fever.  There  is  danger 
that  the  infiltration  will  cause  strangulation  of  the  vessels  and 
nerves,  and  produce  an  optic  neuritis  followed  by  atrophy,  or 
there  may  be  simple  atrophy  of  the  nerve,  due  to  the  complete 
occlusion  of  the  artery  without  inflammatory  manifestations. 

In  chronic  periostitis  the  symptoms  are  less  severe,  and  the 
development  so  insidious  that  in  the  earlier  stages  with  persistent 
neuralgia  it  is  difficult  to  explain  the  cause  of  the  pain,  except  the 
area  of  inflammation  be  near  the  orbital  margin,  where  tenderness 
can  be  elicited  by  firm  palpation.  Subperiosteal  abscess,  with 
caries  of  the  bone  leading  to  formation  of  fistulas,  is  not  infrecjucnt. 

Treatment. — It  is  important  to  ascertain  the  cause,  whether 
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due  to  an  extension  from  the  accessory  cavities,  an  injur}%  or  con- 
stitutional disease,  such  as  syphilis.  Pus  within  the  cavity  re- 
quires prompt  evacuation,  followed  by  irrigation  and  packing 
to  favor  drainage.  In  the  non-operative  cases,  hot  fomentations 
are  always  useful,  but  our  main  reliance  should  be  vigorous  con- 
stitutional treatment.  Hypertrophied  tonsils  must  be  extirpated, 
the  nasal  pharynx  cleared  of  adenoids,  the  nose  thoroughly 
cleansed,  and  any  hypertrophied  or  inflammatory  tissue  removed. 

Syphilitic  gummata  are  late  manifestations  of  the  infec- 
tion, and  prone  to  develop  on  the  frontal  bone,  involving  some- 
times its  orbital  plate.  In  the  process  of  healing  there  is  generally 
only  partial  restoration  of  the  lost  bone  tissue,  and  in  severe  cases 
complete  perforation  of  the  bone  occurs,  which  is  subsequently 
filled  only  with  fibrous  tissue. 

Tubercular  processes  are  always  due  to  an  extension  of  inflam- 
mation from  the  neighboring  cavities  lined  with  mucous  membrane. 

Injuries  of  the  Orbit  involve  either  the  soft  parts  alone  or 
extend  to  the  bone.  The  character  of  the  injury  varies  from  a 
slight  bruise  or  cut  to  the  most  extensive  wounds,  involving  the 
bony  w^alls  as  far  as  the  apex  of  the  orbit,  with  displacement  of 
the  eye  from  exudation,  with  or  without  injurj'  to  the  muscles. 
The  serpentine  course  of  the  optic  nerve  within  the  orbit  permits 
of  much  displacement  of  the  globe,  without  undue  traction  upon  or 
tearing  of  the  nerve  itself.  As  a  result,  extensive  displacement  from 
cysts  or  tumors  can  occur  with  little  interference  with  its  functions. 

Fracture  of  the  bony  orbit  is  generally  caused  by  violent 
blows,  falls,  or  gunshot  wounds.  Portions  of  the  orbital  margin 
may  be  driven  into  the  orbit,  causing  sometimes,  although  rarely, 
optic  atrophy  directly  by  pressure  upon  the  nerve,  or  secondarily 
by  hemorrhage  or  inflammation.  If  the  fracture  involves  the 
nasal  bones  there  may  result  emphysema  of  the  lids  or  propiosis 
from  air  entering  the  orbital  tissue.  In  the  latter  event  the  globe 
may  under  firm  pressure  be  pushed  back  into  the  orbit  by  displac- 
ing the  air.  Blowing  the  nose  will  again  force  the  air  into  the 
alveolar  tissue,  and  if  the  pressure  has  not  been  too  great  or  pro- 
longed, vision  and  the  functions  of  the  muscles  may  not  be  per- 
manently damaged.     If  infection  ensues,  the  case  becomes  sen- 
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ous,  as  the  resulting  cellulitis  usually  means  loss  of  vision,  if  not 
of  the  globe,  and  the  infection  may  extend  to  the  cranial  cavity, 
leading  to  a  fatal  termination. 

Treatment. — In  the  case  of  recent  injury  the  wound  should 
be  thoroughly  cleansed  and  all  foreign  matter  extracted.  If 
infected,  treat  as  an  open  wound. 

In  dislocation  of  a  portion  of  the  bony  margin  the  piece  should 
be  replaced  if  seen  soon  after  the  accident.  At  a  later  date  the 
piece  has  grown  fast  in  its  new  position,  and  the  damage,  if  any, 
to  the  soft  parts  is  beyond  remedy.  Complete  separation  with 
subsequent  necrosis  is  rare.  When  this  occurs  the  dead  bone 
must  be  removed. 

Foreign    bodies   include    cases    in    which    the   globe  is  not 

injured  primarily.  The 
relatively  greater  diameter 
of  the  orbit  than  the  globe, 
and  the  soft  tissues  that  fill 
its  depths,  permit  the  en- 
trance and  harboring  for 
Fig.  98.— Appearance  of  a  Knife-blade      long     periods     of     foreign 

AFTER  BEING   EMBEDDED    IN   THE  OrBIT  ,        7.  r  111  • 

FOR  Thirty-two  Years.  bodies   of   remarkable   size 

without  causing  pain  or  in- 
terfering with  the  functions  of  the  eye.  In  a  case  which  came 
under  the  author's  observation,*  the  foreign  body,  a  knife-blade 
38  mm.  long  and  8  mm.  broad  (Fig.  98),  had  been  embedded  in 
the  orbit  for  thirty-two  years,  without  the  patient's  knowledge  or 
any  loss  of  function  of  the  eye. 

Diseases  of  the  Cavities  Accessory  to  the  Orbit. 

A  number  of  obscure  affections  involving  the  orbit  and  cranial 
cavity  may  be  traced  to  disease  of  the  cavities  accessor)'  to  the 
orbit.  Retrobulbar  neuritis,  acute  and  chronic  abscess  of  the 
orbit,  orbital  cellulitis,  extradural,  subdural,  and  cerebral  abscess, 
and  acute  and  chronic  pachymeningitis  are  often  secondar)'  to 
affections  of  one  or  more  of  the  accessor)^  cavities.  The  orbit  may 
be  invaded  from  any  of  the  accessor)^  cavities  on  the  same  side. 

♦  .American  Journal  of  Ophthalmology,   May,  iqoo. 
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The  sphenoid  cavity,*  from  iis  relation  to  the  optic,  third, 
fourth,  ^ixth,  and  first  divisions  of  the  fifth  nerve  and  ophthalmic 
vein,  can,  when  diseased,  cause  a  number  of  obscure  and  painful 
symptoms,  which,  if  not  arrested,  will  endanger  life. 

Symptoms, — (i)  Dull  pain  at  intervals,  aggravated  by  colds, 
due  to  inllanimation  in  ihe  s]>henoidai  cavity,  with  retention 
of  pus.     (2)  Neuralgia  of  the  first  division  of  the  fifth,  gradu- 
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Fig,  ^9.— Orffices  of  Nasai,  Duct  anb  Accessoev  AiR-cHjUtB£Rs  OF  Noss; 
A,  Frontal  sinua;  B^  straw  m  infundlbulum;  C.  orifiL-e^  of  anterior  etlimoidai 
cells;  D»  bulla  ethmoiduli.s;  E,  <.»rifiL'(^  of  jK»stertf>r  ethmoidal  ccik  in  stiperior 
meatus;  F,  superior  turbinul  (cutK  Cm.  straw  in  oritice  of  sphenoicLaf  cell; 
H»  spbrnc^idal  ct;ll;  R,  ilbphnii^ma  st^Ufc;  M,  cavum  sellfc;  N,  middle  lurbinal 
(cut);  O,  hiatus  :*cmiluairis;  P,  struw  in  nasal  duct;  R,  slr<iw  in  orifice  of 
Antrum  of  Highmorc;  S,  middle  turbmal  (cut);  T,  middle  meatus;  V,  jnlcrior 
turbinal;  W*  inferior  mcjitus;  X»  orifice  of  Eustachian  tube, — {Deatvt.) 


ally  becoming  intense  and  constant,  due  to  extension  of  inflam- 
mation through  the  thin  bony  walls  of  the  sphenoidal  cavity 
into  the  sphenoidal  fissure^  causing  irritation  of  the  fifth  nen^e* 

♦Christian  R.  Holmt?5'  ''The  Sphenoidal  Canty  and  its  Relation  to  the  Eye, 
Willi  Mensurfment^of  50  S|>ccimens  from  Author's  Collection,"  Arch,  of  OphthaL, 
vol  Jocv,  No.  4t  iSg6. 
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(3)  Visual  disturbance,  slowly  increasing  to  total  blindness,  due  to 
inflammation  extending  from  the  sphenoidal  cavity  through  bone 
of  ** paper  thickness"'  to  the  optic  nerve*  (4)  Exophthalmos  and 
congestion,  due  to  inflammation  in  sphenoidal  fissure  and  stran- 
gulation of  the  ophthalmic  vein  with  edema,  (5)  Movements 
of  globes  painful  and  limited,  from  inflammation  and  pressure  in 
sphenoidal  fissure  on  the  third,  fourth,  fifth,  and  sixth  nerves. 
Rapid  subsidence  of  all  these  symptoms  follows  after  relieving 
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Ethmoixiai,  Cells. 


pressure  and  reducing  inflammation  in  sphenoidal  cavity  and 
fissure. 

Foreign  Bodies  often  penetrate  the  bony  walls  of  the  orbit , 
and  enter  the  ethmoid  cells  or,  what  is  much  more  frequent,  the 
cranial  cavity.  Small  buUeJs  or  shot  may  be  deflected  upon 
entering  the  cavity  by  the  bony  w^alls,  making  it  difficult  or  im- 
possible to  trace  them. 

Important  indications  of  their  presence  are  absence  of  mobility, 
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displacement  of  the  eye,  with  or  without  disturbance  of  vision  due 
to  pressure  upon  the  nerve  by  the  foreign  body,  hemorrhage,  or 
swelling.  In  doubtful  cases  the  Rontgen  ray  is  of  value  in  deter- 
mining  the  presence  or  absence  of  the  foreign  body* 

Phlegmoii  of  the  orbit  or  orbital  cellulitis  is  an  inflammation 
involving  the  cellular  tissue  of  the  orbit.  It  is  generally  acute  in 
character^  but  may  be  chronic.  Most  cases  end  in  suppuration 
and  abscess  formation. 

Etiology. — (i)  Infected  penetrating  wounds;  (2)  periostitis 
of  s>T)hiHtic,  tubercular,  or  rheumatic  origin;  (3)  contagious 
and  infectious  diseases,  espe- 
cially erysipelas;  (4)  inflam* 
mation  of  the  nose  and  acres- 
sory  cavities;  and  (5)  pyemia 
and  septicemia. 

Orbital  cellulitis  may  be 
secondary  to  an  infection  of 
the  globe-  In  panophthal- 
mitis there  is  always  protru- 
sion of  the  eyeball  as  a  resuh 
of  the  retrobulbar  involve- 
ment. Tenon's  capsule  is 
especially  affected  by  inflam- 
matory edema  and  exudates. 
A  typical  case  is  shown  in 
Fig.  loi. 

Symptoms,— The  severity 
ol  the  inflammation  and  the 
pain  are  variable,  depending 

upon  the  cause  and  virulence  of  the  infection.  The  violent  symp- 
toms are  usually  ushered  in  by  a  chill  followed  by  fever,  pain  in 
the  orbit  and  head,  and  proptosis*  There  is  conjunctivitis  with 
edema  and  discoloration  of  the  lids,  immobility  of  the  globe, 
ulceration  of  the  cornea,  due  to  its  protrusion  beyond  the  pro- 
tecting lids,  or  even  strangulation  of  the  optic  nerve  and  ves- 
sels,  choked  disk,  atrophy  of  the  nerve  and  retina,  and  blind- 
ness, partial  or  complete. 


FRik     lOl.—PANOPIfTHALiaTlB     AND     OE- 

BITAL      CELLULITIS    FOLLOWING    At*    Ik- 

FECTED  Corneal  Wou?rt>.  The 
while  spot  In  the  center  of  ptoirudiag 
mass  IS  pus  escaping  through  the 
perforated  cornea. 
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The  prognosis  is  favorable  in  mild  attacks,  serious  in  severe 
cases.  In  addition  to  the  processes  which  menace  the  safety  of 
the  eye,  there  is  danger  of  the  affection  extending  backward 
through  the  optic  foramen  and  sphenoid  fissure  to  the  brain. 

When  not  traceable  to  inflammation  of  the  globe,  wounds  of  the 
orbit,  or  erysipelas,  orbital  cellulitis  has  its  origin  in  a  bacterial  in- 
fection from  the  nose.  As  predisposing  agents  bacteria  bring  about 
congestion  and  favor  catarrhal  or  purulent  inflammation  of  the 
mucous  membrane.  The  germs  of  infection  enter  one  or  more 
of  the  sinuses,  and  from  there  the  inflammation  extends  to  the 
orbit,  either  through  direct  erosion  by  the  retained  pus  in  the 
cells,  or  through  the  lymph  and  venous  channels. 

Treatment. — In  the  milder  cases  leeching,  hot  fomentations, 
cathartics,  tonics,  and,  in  addition,  general  medication  are  indi- 
cated. 

In  severe  cases  the  freest  possible  drainage  from  all  parts  of 
the  orbit  should  be  maintained  by  frequent  irrigation,  foreign 
bodies  removed,  the  orbital  walls  explored  for  necrotic  bone, 
and  every  infected  cavity  accessory  to  the  orbit  opened,  curetted, 
and  drained.  Panophthalmitis  at  this  stage  is  treated  by  drainage 
through  the  cornea  and  not  by  enucleation  of  the  globe. 

Pulsating  Exophthalmos  is  a  rare  affection,  in  which  the 
globe  protrudes,  the  veins  of  the  upper  lid  are  often  dilated  and 
tortuous,  and  a  soft  pulsating  prominence  at  the  inner  angle  of 
the  orbit,  with  an  aneurismal  bruit  and  thrill,  can  be  heard  and 
felt  over  the  region  of  the  orbit  and  neighboring  areas  of  the  skull. 

The  causes  are:  Traumaik,  such  as  severe  injur\'  with  fracture 
at  the  base  of  the  skull,  or  penetrating  wounds  through  the  orbit, 
involving  the  cavernous  sinus  and  the  internal  carotid.  Patho- 
logic, aneurismal  dilatation  of  the  ophthalmic  artery,  aneurism  of 
the  carotid  itself,  or  the  formation  of  an  art erio- venous  aneurism 
by  a  rupture  of  the  internal  carotid  arterj'  into  the  cavernous  sinus. 

Symptoms. — ^The  symptoms  may  come  suddenly,  the  patient 
first  noticing  a  loud  snapping  sound,  followed  by  a  rumblinir, 
whirring  noise  in  the  head,  and  soon  afterward  a  pulsatin<; 
tumor  becomes  evident,  or  the  patient  finds  these  symptoms 
present  after  an  injur}'  to  the  skull. 
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The  WsioQ  is  generally  diminished,  although  marked  displace- , 
ment  may  coexist  ^ith  retention  of  normal  \-isior!.     There  is  oHen 
optic  neuritis  and  great  dilatation  of  the  retinal  veins. 

Treatmant-— Pressure  upon  the  common  carotid  of  the  affected  ] 
side  causes  the  symptoms  to  disappear*  hence  treatment  by  conn* 
pression  for  long  periods  has  been  resorted  to,  but  seldom 
with  any  material  benefit.  Ligation  of  the  carotid  is  the  oldest 
and  only  treatment  that  promises  a  cure,  and  even  after  this 
operation  there  is  often  a  partial  return  of  the  s)Tnptoms  by  reaK>n 
of  the  establishment  of  collateral  drculaiion.  If  the  pntient 
suffers  little  annoyance,  it  will 
be  better  to  postpone  opera- 
tion, enjoining  that  complete 
rest  which  is  necessar)'  in  cases 
of  aneurism. 

Meningocele  ienccphah- 
cde)  is  an  exceedingly  rare 
condition.  The  tumor  is 
formed  as  a  result  of  de- 
fective development  of  the 
upper  and  inner  angle  of  the 
interior  part  of  the  bony  orbit 
at  birth.  The  meninges  pro- 
truding through  this  defect 
forms  a  round  elastic  swelling 
which  pulsates  synchronously 
with  the  heart' beat.  This  tu- 
mor may  be  mistaken  for  a 
dermoid  growth  or  a  sebaceous  cyst,  a  mistake  which,  in  case  of 
operative  interference,  might  prove  disastrous* 

Tumors* — ^It  is  important  to  diffi^rentiaie  between  tumors 
having  their  origin  within  the  orbit,  and  those  which  enter  by 
extension  from  the  surrounding  cavities.  Under  this  head  are 
included  all  solid  growths*  vascular  tumors,  and  cysts.  If  of 
large  size,  they  produce  displacement  of  the  globe  and  often  ptosis. 
Knowledge  of  the  motility  of  the  eye,  its  position,  the  visual  acuity, 
and  ophthalmoscopic  appearances  will  assist  in  the  diagnosis. 
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Cysts. — These  include  exudativej  extravasation,  retention, 
and  dermoid  cysts,  the  last  being  by  far  the  most  frequent.  The 
exudative  or  serous  cysls  are  rare,  and  are  the  product  of  an 
mflammalion  of  the  tendon  burs^  of  the  ocular  muscles, 

Exiravasaiian  cysts  are,  as  a  rule,  really  dermoid  cysts  into 
which  hemorrhages  have  taken  place*  either  as  a  result  of  acci- 
dental trauma  or  by  an  exploratory^  puncture  made  for  diagnostic 
purposes. 

Dermoid  cysts  are  congenital  structures  resulting  from  invagina- 
tion of  the  external  blastodermic  membrane,  so  that  their  sac 

walls  possess  essentially  the  same 
structure  as  the  skin;  their  con- 
tents are  generally  of  porridge 
consistency,  made  up  of  epithelial 
cells,  the  secretion  of  glands  con- 
tained in  the  sac  walls,  and  often 
hair  and  calcareous  masses. 

In  some  of  the  cysts  the  con- 
tents have  become  clear  and  oily 
in  consistency.  Panas  believes 
that  cysts  of  the  orbit  may  origi- 
nate from  an  invagination  of  the 
mucous  membrane  of  the  nose  or 
accessory  cavities.  The  condition 
showTi  in  Fig*  102  may  have  been 
due  to  a  cyst  of  this  character^  as 
careful  examination  showed  the 
contents  to  be  composed  of  mucus 
only.  The  case  also  illustrates  the  extent  to  which  a  globe  can  be 
displaced  for  a  long  lime  without  injury  to  the  function  of  the  eye. 
Vascular  tumors  of  ihe  orbit  consist  of  two  varieties:  (a) 
Simple  angioma,  which  includes  the  naevus  matemus  and  telangi- 
ectasia of  the  lids  and  orbit;  and  (b)  cavernous  angioma,  which 
includes  erectile  tumors  and  aneurisms  by  anastomosis.  There  is 
generally  propiosis  with  this  class  of  tumors. 

The  treatment  consists  in  extirpation  in  sharply  defined 
tumors,  and  electrolysis  in  the  diffuse  variety. 
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Malignant  growths  embrace  the  different  kinds  of  car- 
cinomata  and  sarcomata.  The  latter  are  much  more  frequent  and 
may  start  from  the  osseous  walls,  the  periosteum,  lacrimal  gland 
muscles,  connective  tissue,  or  nerves* 

The  carcinomata,  strictly  speaking,  do  not  arise  within  the 
orbit  primarilVj  but  generally  have  their  origin  on  the  lids  or 
surrounding  structures  and  invade  the  orbit  secondarilyp 

The  epithelial  carcinomata  are  often  of  verj'  slow  growth. 
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¥iM^.  104. — Epitheliaj.  Carcinoma. 

The  one  shown  in  Fig,  104  existed  for  fifteen  yeai3,  ultimately 
involving  the  hard  palate,  nasal  and  orbital  bones,  and  cranial 
cavity,  and  resulting  in  death. 

Tumors  of  the  connective  tissue  type  are  of  several  varieties. 
The  sarcomata  are  by  far  the  most  frequent,  and  include  both 
the  round  and  spindle  celL  They  are  frequently  of  rapid 
growth,  with  great  tendency  to  spread  by  metastasis.  The 
rarer  connective-tissue  tumors  arc  myxosarcoma,  fibrosarcoma, 
cystosarcoma,  cylindroma,  and  plexiform  sarcoma*      The  treat* 


CHAPTER  VI. 

DISEASES  OF  THE  CONJUNCTIVA  AND  SCLERA. 

Diseases  of  the  Conjunctiva. 

Anatomy. — The  conjunctiva  is  the  continuation  upward  of  the 
Schneiderian  mucous  membrane  of  the  nostrils.  It  may  be  said 
to  begin  at  the  borders  of  the  h'ds,  and  after  lining  their  inner  surface, 
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Fig.  io8. — Cross-section  of  Orbit,  showing  Conjunctival   Sac  in  Heavy 
Black  Lines.— (i4/^  Merkel.) 

is  reflected  over  the  eyeball,  forming,  when  the  lids  are  shut,  a  closed 
sac,  the  conjunctival  sac.  That  portion  of  the  membrane  lining 
the  posterior  surface  of  the  eyelid  is  the  palpebral  or  tarsal  conjunctiva, 
and  that  covering  the  eyeball  is  the  ocular  or  bulbar  conjunctiva.  The 
fold  or  junction  of  the  two  is  called  the  jornix.  There  is  thus  formed 
the  superior  and  inferior  conjunctival  cul-de-sacs,  or  fornices,  the 
upper  being  much  the  deeper. 

Like  other  mucous  membranes,  the  conjunctiva  consists  essentially 
of  epithelial  cells  and  basement  membrane.  The  structure  varies 
throughout  its  course.  The  palpebral  surface  is  thin,  pale  pink  in 
color,  and  smooth  near  the  margins  of  the  lids,  thicker  and  uneven 
toward  the  fornix.  In  the  latter  situation  it  is  rich  in  glands  and 
follicles,  the  mouths  of  which  may  be  seen  by  lens  magnification. 
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The  bulbar  conjunctiva  is  smooth  and  transparent,  and  contains 
usually  one  or  more  visible  blood-vessels.  It  is  loosely  attached  to 
Tenon^s  capsule  beneath,  except  for  a  distance  about  2  mm.  around 
the  corneal  margin,  where  it  forms  the  limhus  conjunctiva,  or  limhits 
cornea.  The  epithelium  and  Bowman's  membrane  of  the  cornea  may 
be  regarded  as  the  continuation  of  the  conjunctiva. 

At  the  internal  canthus  the  conjunctiva  folds  into  a  semilunar 
shape,  with  the  concavity  toward  the  cornea,  resembling  slightly  the 
rudimentary  third  eyelid  of  some  of  the  lower  animals.  Upon  this 
portion  of  the  conjunctiva  is  a  small  pinkish  prominence  known  as  the 
caruncle,  composed  of  follicles,  sebaceous  glands,  and  fat  cells. 

The  blood-vessels  of  the  palpebral  conjunctiva  anastomose  freely 
with  those  of  the  lids,  and  those  of  the  bulbar  portion  join  with  the 
deeper  vessels  that  pass  from  the  ciliary  region.  Except  for  a  few 
large  tortuous  arteries  and  veins,  the  vessels  of  the  ocular  conjunctiva 
are  not  seen  in  health,  and  the  pearly  white  of  the  sclera  and  Tenon's 
capsule  shines  through  the  semi-transparent  conjunctiva. 

Conjunctival  Congestion.— The  arterial  supply  to  the  con- 
junctiva and  ciliary  region  is  derived  from  superficial  and  deep 


Fig.  ioq. — Injection  of  Superficial 
Conjunctival  Vessels. 
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Fig.  iio. — Pericorneal  Zone  of 
Congestion. 


vessels.  In  conjunctival  congestion  the  vessels  are  bright  red 
in  color,  and  are  readily  traceable  throughout  their  entire  course 
in  the  bulbar  conjunctiva.  They  are  large  and  tortuous,  with 
their  greatest  caliber  toward  the  equator  of  the  eye,  where  the 
redness  is  most  intense,  and  gradually  shade  off  in  color  and  size 
as  they  pass  toward  the  cornea.  The  superficial  character  of 
these  vessels  is  well  seen  when  the  conjunctiva  is  moved  over 
the  ball,  the  vessels  moving  with  the  membrane. 

It  is  important  to  distinguish  between  the  injection  of  the 
superficial  vessels  and  the  congestion  that  accompanies  inflamma- 
tion of  the  iris  and  cornea  or  of  the  sclera.     In  keratitis  and  iritis 
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a  zone  of  congestion  surrounds  the  cornea.  The  injected  vessels 
are  the  fine,  parallel  branches  of  the  anterior  ciliar\'  arteries  given  off 
just  before  they  pierce  the  sclera.  They  pursue  a  perfectly  straight 
course  and  disappear  at  the  corneal  margin.  The  zone  is  deep 
red  in  color,  and  gradually  becomes  lighter  as  the  distance  from 
the  cornea  increases.  In  scleritis  and  episcleritis  the  injection  is 
of  purplish  hue,  usually  limited  to  a  circumscribed  patch  over 
the  insertion  of  the  external  rectus  muscle,  and,  like  the  vessels 
of  the  pericorneal  zone,  the  injected  vessels  are  fixed  and  im- 
movable. In  severe  inflammations,  Uke  acute  glaucoma,  all  the 
superficial  and  deep  vessels  become  engorged,  and  the  normal 
transparency  of  the  conjunctiva  is  replaced  by  a  deep  red  color, 
a  resultant  of  the  injection  of  the  conjunctival,  pericorneal,  and 
scleral  vessels. 

Bacteriology  of  the  Normal  Conjunctiva.— Micro-organ- 
isms are  always  present  in  the  healthy  conjunctival  sac.  Many  of 
these  germs  are  usually  regarded  as  of  little,  if  any,  pathologic 
importance.  Under  the  normal  resisting  power  of  the  conjunctiva 
they  exert  no  apparent  deleterious  influence,  and  it  is  only  when 
this  membrane,  through  accident  or  otherwise,  is  in  an  abnormal 
state  that  they  begin  to  multiply  and  cause  the  various  conjunctival 
diseases. 

Numerous  experiments  have  been  made  to  render  the  con- 
junctiva absolutely  sterile  for  operative  purposes  by  means  of 
various  antiseptic  solutions.  The  usual  methods  of  sterilization 
preliminary  to  operation  by  irrigations  of  sterile  water,  saturated 
solutions  of  boric  acid,  and  sublimate  solution  (i  :  5000),  Ran- 
dolph found  to  be  ineffective.  He  inoculated  .^o  tubes  with  the 
material  taken  from  supposed  aseptic  conjunctival  sacs,  and  of 
the  40  cultures  only  8  remained  sterile.  Other  investigators  have 
reached  practically  the  same  conclusions,  but  Gifford,  who  scraped 
the  conjunctival  membrane  in  his  culture  experiments,  found  a 
much  greater  increase  in  the  colonies  of  bacteria.  His  experiments 
proved  that  some  of  the  germs  lie  under  the  epithelium  or  in  the 
ducts  of  the  glands,  and  could  only  be  removed  by  measures 
which  would  seriously  injure  the  membrane  itself. 

The  majority  of  the  micro-organisms  found  in  the  healthy 
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conjunctival  sac  consists  of  some  form  of  the  xerosis  bacillus, 
the  bacillus  epidermidis  albus,  the  staphylococcus  pyogenes  albus, 
and  the  pneumococcus  of  Frankel.  So  far  as  present  knowledge 
extends,  the  xerosis  bacillus  is  non-pyogenic,  but  the  other  organ- 
isms have  a  distinct  pyogenic  nature.  It  is  therefore  important, 
notwithstanding  the  impossibility  of  rendering  the  conjunctiva 
and  edges  of  the  lid  absolutely  sterile,  to  follow  thorough  asepsis, 
prior  to  operation,  of  the  hands  and  instruments,  the  atropin, 
cocain,  and  other  solutions  in  order  to  reduce  to  the  minimum 
the  number  of  bacteria.  Irrigation  of  the  conjunctival  sac  by 
non-irritant  solutions  should  be 
supplemented  by  thorough 
cleansing  of  the  lid  margins  and 
lashes.  Some  operators  also 
gently  wipe  the  surface  of  the 
conjunctiva  and  cornea  with 
pledgets  of  cotton  dipped  in  nor- 
mal salt  solution  or  a  weak  so- 
lution (i  :  8000)  of  corrosive 
sublimate. 

Bacterial  Toxins. — It  is  now 
known  that  a  number  of  the 
conjunctival  inflammations  re- 
sult from  proliferation  of  certain 

micro-organisms,  either  on  the  surface  of  the  mucous  membrane 
or  in  its  substance.  Morax  has  investigated  the  action  of  filtered 
and  unfiltered  cultures  of  these  germs.  He  finds  that  after  the 
bacteria  have  been  removed  the  reaction  is  less  marked,  which 
indicates  that  the  active  substance  causing  the  inflammation  re- 
mains in  the  bacteria  themselves  and  in  part  passes  out  into  the 
culture  liquid. 

Randolph's  experiments  show  that  bacterial  toxins  instilled 
into  the  conjunctival  sac  arc  incapable  of  producing  inflammation 
or  injury,  but  when  injected  into  the  tissues  cause  local  inflamma- 
tion— a  point  of  considerable  importance  in  explaining  the  action 
of  toxins  and  of  bacteria  following  ocular  injuries. 

The  xerosis  bacillus  is  believed  to  have  no  connection  with 


Fig.  III. — The  Staphylococcus. 
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xerosis  conjunctivitis,  A  better  understanding  of  its  character 
has  followed  improved  laboratory  methods  and  the  employment 
of  blood-serxmi  as  a  culture-medium.  Its  differentiation  from  the 
Klebs-Loffler  bacillus  and  the  pseudo- bacillus  of  Hoffman  is 
of  importance  in  the  diagnosis  of  diphtheria  of  the  conjunctiva. 

The  bacteriology^  of  conjunctivitis  has  not  reached  a  point 
where  the  diseases  may  be  classified  in  accordance  with  the  micro- 
organisms which  are  believed  to  be  the  primary  cause  of  each 
affection-  A  bacterial  classification  would  be  highly  scientific 
and  in  many  respects  superior  to  the  cHjiical  nomenclature  of 
the  present  day. 

Pathology, — Conjunctivitis  partakes  largely  of  the  features  of 
all  inflammations  of  mucous  membranes,  namely,  increased  vas- 
cularization, alteration  in  the  character  of  the  secretion,  and  the 
presence  in  or  upon  the  substance  of  the  membrane  of  new  palho* 
logic  products.  The  exposed  position  of  the  membrane  renders 
it  particularly  liable  to  be  affected  by  external  agents,  which,  apart 
from  their  irritating  properties,  carry  infection  to  it,  while  the 
continuation  of  the  membrane  through  the  nasal  duct  opens  a 
favorable  channel  of  infection  to  the  ocular  structures. 

Hyperemia  of  the  Con junctiva.'—This  is  an  extremely  com- 
mon affection.  The  palpebral  surface  of  the  conjunctiva,  par- 
ticularly at  its  nasal  and  temporal  extrcmitieSj  assumes  a  velvety 
appearance  and  a  reddish  color  without  much  swelling  of  the 
follicles  and  with  little  or  no  secretion*  The  bulbar  conjunctiva 
contains  a  few  engorged  vessels, 

H}^eremia  is  caused  by  a  constant  exposure  to  high  winds, 
bright  light,  intense  cold  or  heat,  or  to  an  atmosphere  containing 
fine  particles  of  dust  or  mechanical  irritants;  also  by  errors  of 
refraction  or  muscular  anomalies,  diseases  of  the  nasopharjmx  or 
lacrimal  apparatus,  excessive  use  of  alcoholic  stimulants,  the 
uric  acid  diathesis,  and  is  a  common  complication  of  measles^ 
scarlet  fever,  and  other  eruptive  fevers* 

Under  the  head  of  ioxic  conjumlivUis  is  described  the  hyper* 
eniia  which  follows  the  entrance  of  chemical  substances  into  the 
conjunctival  sac,  such  as  atropin,  homatropin,  the  fumes  from 
manufacturing  establishments,  and  ointments  in  which  the  medi- 
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cinal  agent  is  too  strong  or  has  not  been  thoroughly  mixed.  It 
rapidly  subsides  with  the  removal  of  the  cause. 

Symptoms. — There  is  slight  conjunctival  congestion,  sandy 
feeling  in  the  eyes,  particularly  toward  the  end  of  the  day,  and 
a  moderate  redness  of  the  lid  margins.  When  due  to  eye-strain 
or  weakness  of  the  ocular  muscles,  the  symptoms  are  aggravated 
by  close  work  and  glare  of  bright  light. 

Treatment. — The  cause  of  the  congestion  should  be  deter- 
mined, and  so  far  as  possible  removed.  Correction  of  refraction 
and  muscular  errors  and  treatment  of  nasal  disease  will  cure  a 
large  proportion  of  the  cases.  Bathing  the  eyes  frequently  with 
cold  water  and  a  saturated  solution  of  boric  acid,  with  about  2 
grains  of  sodium  chlorid  to  each  ounce,  will  usually  suffice  to 
reduce  the  congestion. 

Conjunctivitis. — Acute  forms  of  inflammation  of  the  con- 
junctiva begin  with  congestion  of  the  superficial  vessels,  a  slight 
burning  of  the  lids,  a  feeling  of  grittiness  when  the  lids  are  opened 
and  closed,  and  a  mucous  discharge.  Sooner  or  later,  depending 
upon  the  cause  of  inflammation,  the  discharge  becomes  muco- 
purulent, containing  particles  of  lymph,  or  it  may  be  distinctly 
purulent.  The  congestion  increases  in  intensity,  the  conjunctiva 
is  often  markedly  swollen,  and  sometimes  associated  with  ulcera- 
tion and  destruction  of  the  cornea.  Acute  catarrhal  conjunctivitis 
may  be  studied  under  two  general  types  closely  resembling  each 
other  in  their  symptoms  but  different  in  their  etiology:  (i)  simple 
conjunctivitis  and  (2)  epidemic  conjunctivitis. 

Simple  Conjunctivitis  (Acute  Catarrhal  Conjunctivitis). — 
Mild  attacks  give  rise  to  superficial  congestion,  a  muco-purulent 
discharge,  and  some  swelling  of  the  conjunctiva.  The  disease  is 
similar  in  many  respects  to  the  epidemic  variety,  referred  to  later, 
and  the  two  affections  are  separately  described  simply  for  pur- 
poses of  clinical  study.  It  is  caused  by  the  presence  in  the  con- 
junctival sac  of  any  foreign  substance,  by  the  discharge  from  an 
abscess  of  the  lid,  stricture  of  the  lacrimal  duct,  by  micro-organ- 
isms, or  is  associated  with  the  eruptive  fevers,  erysipelas  or  local 
skin  affections.  Examination  of  the  discharge  may  show  staphy- 
lococci, xerosis  bacilli,  and,  occasionally,  pneumococci. 
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Diagnosis. — Bacteriologic  examination  of  the  discharge  will 
usually  diflferentiate  the  aflfection  from  the  more  malignant  tj-pes 
of  inflammation. 

Treatment  consists  in  removal  of  the  cause,  the  use  of  a 
mild  antiseptic  wash  every  two  or  three  hours,  and  an  ointment  of 
yellow  oxid  of  mercury  (gr.  j  to  5j  of  vaselin)  at  night.  After  the 
acute  symptoms  have  subsided,  a  collyrium  of  zinc  sulphate 
(gr.  j  to  5j),  with  occasional  applications  of  weak  silver  nitrate 
solution  to  the  everted  lids,  will  usually  soon  effect  a  cure. 

Acute  Contagious  Conjunctivitis  {acute  epidemic  conjuncti- 
vitis) appears  as  an  epidemic,  particidarly  in  the  spring  and  sum- 
mer months.  The  discharge  is  muco-purulent  or  distinctly  puru- 
lent, actively  contagious,  and  contains  either  the  Koch- Weeks 
bacillus  or  the  pneumococcus. 

Bacteriology. — ^The  bacteria  which  have  been  found  in  the 
discharge  from  epidemic  conjunctivitis  indicate  that  the  epi- 
demics are  not  always  due  to  a  single  variety  of  micro-organism. 
The  most  frequent  source  of  infection  is  the  Koch- Weeks  bacillus, 
and  next  the  pneumococcus  of  Frankel.  It  is  probable  that  the 
Kock- Weeks  bacillus  is  often  overlooked,  owing  to  its  minute 
size  even  under  high  magnification.  That  the  pneumococcus 
may  cause  these  epidemics  is  proved  by  the  successful  trans- 
mission of  the  disease  from  eye  to  eye  in  man  by  inoculation  of 
some  of  the  discharge,  the  germ  always  being  present  in  great 
numbers.  As  a  further  evidence  of  the  part  played  by  the  pneu- 
mococcus, pure  cultures  of  the  third  generation  of  the  organism 
caused  the  same  disease  in  the  human  conjunctival  sac. 

The  pneumococcus  conjunctivitis  is  distinguished  by  more 
swelling  of  the  hds  and  the  edema  of  the  conjunctiva,  which 
approach  in  degree  that  of  gonorrheal  conjunctivitis.  The  forms 
of  conjunctivitis  in  which  the  pneumococcus  is  found  in  the  great- 
est numbers  are  characterized  by  minute  hemorrhages  in  the 
conjunctiva.  In  other  respects  the  disease  is  not  essentially  dif- 
ferent from  that  caused  by  the  Koch- Weeks  bacillus  or  the  staphy- 
lococcus. Microscopic  examination  of  the  discharge  is  necessary 
to  determine  the  character  of  the  affection.  Since  all  forms  of 
purulent   disease  of  the  conjunctiva  present   almost  the  same 
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symptoms  in  the  first  stages,  positive  and  early  diagnosis  is  im- 
portant, as  the  prognosis  in  the  severe  types  depends  upon  the 
promptness  with  which  proper  treatment  is  instituted. 

Symptoms. — ^At  first  an  itching  and  smarting  at  the  angles 
of  the  commissure,  a  gritty  sensation  as  if  a  foreign  body  were 
in  the  conjunctival  sac,  and  a  slight  serous  discharge  are  noticed. 
The  conjunctival  surface  of  both  lids  and  ball  is  red  and  velvety. 
The  injection  is  most  pronounced  in  the  fomices,  and  becomes 
less  and  less  marked  toward  the  cornea,  until  at  the  limbus  it 
is  comparatively  slight.  In  this  respect  the  injection  differs  from 
that  of  keratitis  or  iritis,  in  which  inflammations  the  intensity 
of  the  congestion  is  greatest  at  the  corneal  margins  and  lessens 
as  the  distance  from  the  cornea  is  increased.  Moreover,  the 
vessels  in  conjunctivitis  are  large  and  tortuous  and  in  no  way 
resemble  the  fine,  straight,  deep  vessels  injected  in  diseases  of 
the  cornea  and  uveal  tract.  In  the  first  twenty-four  hours  the 
inflammation  is  limited  to  one  eye.  The  other  eye  is  attacked 
either  from  contagion  or  from  the  more  latent  character  of  the 
original  infection. 

The  serous  discharge  in  a  few  hours  contains  flakes  of  mucus, 
which  are  swept  over  the  cornea  in  the  act  of  winking  and  momen- 
tarily dim  vision.  The  eyelashes  become  encrusted  with  the 
dried  mucus,  the  lids  are  glued  together  overnight,  and  thus  the 
secretion  is  retained  in  the  conjunctival  sac  and  aggravates  the 
inflammation.  As  the  disease  advances  the  discharge  becomes 
muco-purulent  and  more  abundant. 

Diagnosis. — In  the  early  stages  it  is  difficult  to  make  a 
positive  diagnosis  without  the  aid  of  the  microscope.  The  affec- 
tion attacks  several  members  of  a  household,  and  occurs  in  epi- 
demics, most  frequently  in  the  spring  of  the  year. 

Prognosis. — Mild  cases  recover  under  simple  cleansing 
washes.  In  the  severe  or  epidemic  cases,  small  ulcers  of  the 
cornea  at  the  limbus  occasionally  develop,  but  heal  without  per- 
manent visible  cicatrices.  The  follicles  in  the  fornices  retain  for 
some  weeks  their  swelling  and  abnormal  activity.  Under  appro- 
priate treatment  the  normal  appearance  and  function  of  the  con- 
junctiva are  regained. 
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Treatment. — As  a  rule,  patients  do  not  come  under  obser- 
vation uniil  the  discharge  has  become  muco-purulent.  During 
the  acute  stage  the  simplest  remedies  are  to  be  employed,  such 
as  a  mild  antiseptic  wash  of  boric  acid  every  two  or  three  hours, 
an  ointment  of  yellow  oxid  of  mercury  or  of  plain  vasehn  applied 
to  the  lid  margins  to  prevent  their  adhesion  and  the  retention  of 
the  discharge  in  the  cul-de-sac>  dark  glasses,  and  rest  from  near 
work.  Ice  compresses,  frequently  changed,  are  acceptable  and 
soothing  and  favorably  influence  the  edema  of  the  conjunctiva 
and  the  lids*  In  schools  and  other  public  institutions  isolation 
must  be  enforced.  If  pneumococci  or  Weeks'  bacilli  are  found  in 
the  discharge,  the  chlorid  or  sulphate  of  zinc,  one  grain  to  the 
ouncBj  a  few  drops  several  times  daily,  in  combination  with  the 
boric  acid,  should  be  added  to  the  treatment.  Poultices  are  under 
no  circumstances  to  be  applied,  whether  made  of  bread  and  milk, 
tea* leaves,  or  the  like.  They  increase  the  inflammation  and  con- 
tribute to  corneal  ulceration.  After  the  subsidence  of  the  acute 
symptoms,  the  conjunctival  congestion  and  swelling  of  the  papillae 
are  treated  by  applications,  once  daily,  of  silver  nitrate,  2  grains 
to  the  ounce,  or  protargol,  5  to  10  per  cent. 

Chronic  Catarrhal  ConjuactiTitls. — After  one  or  more 
attacks  of  acute  conjunctivitis  the  membrane  becomes  chronically 
inflamed,  particularly  in  individuals  who  have  an  uncorrected 
error  of  refraction,  disease  of  the  lacrimal  apparatus  [lacrimal 
conjuncthntis)  or  of  the  nasopharynx,  or  from  other  causes. 
The  normal  secretion  of  mucus  is  increased^  and  contains  a  few 
pus  and  epithelial  cells;  the  margins  of  the  hds  are  slightly  red 
and  swollen;  the  canaliculi  everted,  and  the  cilia  matted  with 
crusts.  The  affection  resembles  the  chronic  inflammation  charac- 
terized by  the  presence  of  the  diplococcus  of  Morax  and  Axenfeld, 
from  which  it  can  be  readily  differentiated  by  microscopic  ex- 
amination of  the  secretions.  Chronic  conjunctivitis  is  common  in 
old  persons  whose  tissues  are  relaxed. 

Treatment. — The  lacrimal  passages  and  the  nasal  mucous 
membrane  should  be  examined  as  a  routine  practice,  and  necessary 
treatment  instituted,  refractive  or  muscular  errors  corrected,  and 
other  causes  removed.    Applications  of  silver  nitrate  (gr,  ij  to  Sj), 
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glycerite  of  tannin,  protargol,  the  yellow  oxid  of  mercury  ointment, 
and  antiseptic  washes  will  effect  a  cure. 

Diplobacillus  Conjunctivitis  {Chronic  Conjunctivitis). — ^This 
affection  is  a  subacute  inflammation  of  the  conjunctiva,  with 
little  tendency  to  spontaneous  recovery.  It  affects  particularly 
the  fomices,  the  remainder  of  the  membrane  being  almost  exempt. 

Causes. — ^The  disease  is  not  limited  to  any  one  part  of  the 
world,  and  is  apparently  unaffected  by  climatic  conditions.  It 
constitutes  about  5  per  cent,  of  all  cases  of  chronic  conjunctivitis. 

Bacteriology. — The  studies  of  Morax  and  Axenfeld,  who  first 
independently  described  the  germ,  and  the  later  investigations 
of  Peters  and  Gifford,  seem  to  prove  that  the  diplobacillus  is  the 
active  cause.  In  the  scanty  mucoid  secretion,  and  in  the  des- 
quamated cells  of  the  conjunctiva,  are  found  micro-organisms, 
2  fJL  in  length,  i  fi  in  width,  most  frequently  arranged  in  pairs, 
end  to  end,  although  often  in  chain  formation.  They  are  some- 
times associated  with  the  xerosis  bacillus,  but  rarely  with  other 
micro-organisms.  The  diplobacillus  stains  with  the  usual  anilin 
colors  and  by  Gram's  method,  and  grows  freely  upon  blood- 
serum,  although  not  upon  agar.  After  culture  the  involuted  forms 
predominate. 

Symptoms. — Both  eyes  are  affected,  but  not  simultaneously 
nor  in  equal  degree,  that  first  attacked  being  the  more  severe. 
The  subjective  symptoms  are  a  moderate,  grayish-yellow  dis- 
charge adhering  to  the  roots  of  the  lashes  and  margin  of  the  lids, 
particularly  at  the  internal  canthus,  little  if  any  discomfort  in 
the  use  of  the  eyes,  except  by  artificial  light,  and  but  little  photo- 
phobia. The  bulbar  conjunctiva  is  slightly  injected,  the  palpebral 
more  so,  but  without  much  swelling.  The  hyperemia  is  greatest 
at  the  fomices,  where  the  enlarged  veins  give  a  purple  tint  to  the 
conjunctiva.  The  injection  shades  off  toward  the  lid  border, 
where  the  conjunctiva  and  the  adjacent  skin  present  the  appear- 
ance of  eczema.  The  spread  of  infection  among  several  members 
of  one  family  proves  its  contagiousness,  but  the  scanty  secretion 
narrows  the  field  of  infection. 

Treatment. — Tannin,  silver,  and  boroglycerid,  so  beneficial 
in  many  forms  of  conjunctivitis,  are  without  effect  in  the  diplo- 
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bacillus  form.  The  salts  of  zinc,  especially  the  chlorid,  in  solu- 
tions of  I  or  2  grains  to  the  ounce  of  distilled  water,  are  the  most 
efficient  curative  agents,  bringing  about  in  a  few  days  a  cessation 
of  the  symptoms  and  disappearance  of  the  hyperemia. 

Purulent  Conjunctivitis  is  an  acute,  violent  inflammation  of 
the  conjunctiva,  attended  with  intense  swelling  of  the  eyelids 
and  conjunctiva,  an  abundant  contagious  discharge,  at  first 
serous  but  later  purulent,  and  a  tendency  to  ulceration  and  slough- 
ing of  the  cornea.  The  diflferentiation  between  this  and  other 
affections  presenting  similar  symptoms,  such  as  epidemic  and 
membranous  conjunctivitis,  depends  upon  the  findings  of  the 
bacteriologic  examinations.  The  disease  includes  ophthalmia 
neonatorum,  sl  virulent  infection  of  the  conjunctiva  of  the  infant 
from  the  discharges  of  the  birth  canal,  and  gonorrheal  conjunctiv- 
itis, lighted  up  by  the  equally  virulent  poison  of  specific  ure- 
thritis. 

Ophthalmia  NeonatorunL  (Purulent  Conjunctivitis  of  the 
New-bom). — The  infection  enters  the  conjunctival  sac  of  the 
infant  either  with  the  secretions  of  the  mucous  lining  of  the  genital 
canal  during  the  passage  of  the  head  at  birth,  or  from  subsequent 
inoculation  from  the  same  source  through  carelessness  or  lack 
of  cleanliness  on  the  part  of  the  attendants. 

Bacteriology. — In  the  majority  of  cases  the  disease  is  caused 
by  the  gonococcus  of  Neisser,  the  presence  of  which  indicates 
a  severe  type.  The  germ  is  found  both  within  and  surround- 
ing the  leukocytes  and  epithelial  cells.  The  gonococcus  is  not 
essential  to  the  development  of  a  distinctive  form  of  purulent 
inflammation  of  the  conjunctiva  of  an  infant.  Its  absence  usually 
means  a  mild  attack  with  little  tendency  to  corneal  involvement, 
although  a  purulent  vaginal  discharge  in  which  the  gonococci 
cannot  be  found  after  a  careful  search  may  give  rise  to  a  most 
virulent  form  of  ophthalmia  neonatorum.  Non-specific  con- 
junctivitis may  be  the  result  of  applications  of  strong  solutions 
of  silver  nitrate  or  the  presence  of  the  pneumococcus,  the  Koch- 
Weeks  bacillus,  or  the  streptococcus. 

Pathology. — The  conjunctiva  is  infiltrated  with  leukocytes 
and  serous  and  plastic  exudation.    Pressure  upon  the  pericorneal 
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vessels  deprives  the  cornea  of  its  nourishment  and  leads  to  ulcera- 
tion. 

Symptoms. — On  the  second  or  third  day  after  birth,  or  later 
in  cases  of  secondarj'  infection,  the  edges  of  the  lids  are  glued 
together  by  dried  mucus,  or  mucus  collects  in  the  angles  of 
the  commissure.  The  transparent  conjunctiva  is  crossed  by 
tortuous  blood-vessels  which  proceed  from  the  upper  and  lower 
cul-de-sac  toward  the  cornea.  The  hyperemia  rapidly  increases 
until  the  whole  ocular  and  palpebral  conjunctiva  is  intensely 
reddened,  glistening,  and  chemotic.  The  lids  are  red  and  slightly 
swollen.  The  secretion  is  watery  and  blood-stained,  and  con- 
tains flakes  of  mucus  and  lymph. 

By  the  fourth  or  fifth  day  all  the  symptoms  have  increased 
in  severity.  The  skin  of  the  lids  is  tense,  discolored,  and  glistening; 
the  lids  are  edematous  and  everted  with  difl[iculty,  and  the  upper 
lid  hangs  down  over  the  ball  and  lower  lid;  the  discharge  is  abun- 
dant, thick,  creamy,  and  distinctly  purulent,  flowing  upon  the 
cheek  or  gushing  out  when  the  lids  are  separated;  and  the  con- 
junctiva loses  its  smooth  and  glistening  surface,  becomes  velvety, 
and  rises  in  folds  covered  by  a  layer  of  lymph.  The  cornea,  sur- 
rounded to  a  height  of  several  millimeters  by  the  chemosed  ocular 
conjunctiva,  appears  to  form  the  floor  of  a  deep  depression.  The 
palpebral  portion  of  the  conjunctiva  is  also  swollen  and  edematous, 
and  presents  numerous  granulations  and  h}'pertrophied  follicles. 

The  inflammation  has  now  reached  its  height,  and  the  infant 
begins  to  show  the  systemic  effect  of  the  intensity  of  the  affection. 
It  grows  pale  and  emaciated,  refuses  food,  and  is  sleepless  and 
petulant.  As  the  disease  advances  toward  recovery  the  lids 
become  softer  and  less  swollen,  and  are  more  readily  everted; 
and  the  discharge  diminishes  in  quantity  and  becomes  again 
serous  and  bloody.  For  weeks  after  apparent  recovery  the  pal- 
pebral conjunctiva  is  the  seat  of  many  small  granulations  col- 
lected in  greater  abundance  in  the  fomices,  by  which  the  lids 
are  thickened,  the  commissures  narrowed,  and  full  recovery  de- 
layed. 

A  late  onset  of  the  inflammation,  seven  to  ten  days  after  birth, 
indicates  that  the  infection  has  not  come  directly  from  the  vaginal 
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discharge,  but  indirectly  from  the  hands  of  the  attendant  or  from 
unclean  linen,  or  that  its  cause  has  been  a  non-specific  vaginitis. 

In  most  cases  the  first  eye  is  attacked  within  forty-eight  hours 
after  birth,  and  the  second  eye,  twenty-four  hours  later.  Both 
may  be  affected  within  a  few  hours  of  each  other;  but  the  disease 
usually  runs  a  more  severe  course  in  one  eye  than  in  the  other, 
continuing  on  the  average  for  from  four  to  six  weeks. 

Diagnosis. — Slight  conjunctival  congestion  during  the  first 
few  days  after  birth  is  not  uncommon  in  children  whose  con- 
junctival sacs  have  not  been  infected.  Mild  antiseptic  and 
cleansing  measures  should  be  instituted  until  the  congestion 
disappears  or  its  specific  nature  is  determined.  The  diagnosis 
after  the  inflammation  has  developed  rests  upon  the  history,  the 
clinical  symptoms,  and  the  microscopic  examination. 

Prognosis. — The  promptness  and  efficiency  with  which  treat- 
ment is  carried  out  contribute  in  no  small  measure  to  the 
successful  termination  of  the  disease.  In  general  terms  it  may 
be  stated  that  the  eye  can  be  saved  with  vision  unimpaired  in 
all  well-nourished  children  in  whom  treatment  is  instituted  early 
in  the  disease  before  the  cornea  is  involved,  and  in  whom  there 
is  no  intercurrent  general  affection  that  will  lower  the  vitality. 
Instances  are  rare  in  which  early  and  efficient  treatment  fails 
to  save  the  cornea  from  serious  injury.  The  prognosis  is  un- 
favorably modified  by  the  presence  of  the  gonococci  in  great 
numbers  or  by  an  associated  disorder  of  the  gastro-intestinal 
canal.  Ulceration  of  the  cornea  may  ensue  in  a  few  hours  after 
acute  indigestion  due  to  an  error  in  feeding.  A  favorable  prog- 
nosis should  be  withheld  until  the  inflammation  has  decidedly 
abated,  since  corneal  ulceration  may  appear  after  convalescence 
has  apparently  begun. 

Prophylaxis. — The  introduction  of  preventive  measures  has 
markedly  decreased  the  number  of  cases  of  ophthalmia  neo- 
natorum. These  measures  include  antiseptic  vaginal  douches 
for  several  days  prior  to  confinement,  and  Credo's  method  of 
instilling  silver  nitrate  solution  into  the  conjunctival  sac.  The 
anatomic  disposition  of  the  mucous  membrane  of  the  vagina 
into  folds  renders  sterilization  of  the  birth  canal  by  antiseptic 
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douching  practically  impossible,  therefore  the  silver  nitrate 
treatment  must  be  relied  upon  for  prophylaxis.  Before  the 
introduction  of  Credo's  plan  the  percentage  of  cases  of  ophthalmia 
neonatorum  in  the  large  lying-in  hospitals  of  Europe  ranged 
from  4  per  cent,  to  10  per  cent.  Afterward  the  percentage  de- 
creased to  0.4  per  cent. 

The  Credi  Method, — As  soon  as  the  head  is  bom,  the  skin 
of  the  lids  is  washed  with  a  solution  of  mercuric  bichlorid 
(1:10,000),  all  foreign  substances  removed  from  the  lashes,  the 
eyelids  separated,  and  one  or  two  drops  of  a  2  per  cent,  solution 
of  silver  nitrate  (gr.  x  to  .^j)  dropped  upon  the  eyeball.  By 
gently  moving  the  lid  over  the  ball  the  solution  is  brought  into 
contact  with  the  entire  conjunctiva.  The  margins  of  the  lids 
are  then  anointed  with  vaselin  and  cold  compresses  applied  for 
a  few  hours.  Reaction  is,  as  a  rule,  insignificant,  but  hyperemia 
of  the  conjunctiva  and  corneal  infiltration  may  follow.  The 
application  of  the  silver  is  not  to  be  repeated,  nor  is  the  silver 
solution  to  be  neutralized  by  salt  solution.  Cred^^s  method  is 
omitted  in  private  practice  unless  infection  of  the  vagina  is 
suspected.  In  all  lying-in  institutions,  however,  it  should  be 
made  a  routine  practice.  Other  agents  than  silver,  such  as 
bichlorid,  i :  5000,  and  protargol,  25  per  cent.,  have  been  used. 

Treatment. — The  intensity  of  the  inflammation  and  the  con- 
dition of  the  eye  when  first  examined  determine  the  method 
of  treatment  to  be  adopted.  In  mild  forms  of  the  disease  the 
therapy  is  practically  that  outlined  for  acute  catarrhal  conjuncti- 
vitis, namely,  mild  antiseptic  washes,  cold  compresses,  and 
applications  of  a  weak  solution  of  silver.  In  the  severe  types 
three  indications  for  treatment  arise:  (i)  the  use  of  cold  com- 
presses to  reduce  the  inflammation,  (2)  asepsis  and  thorough 
cleansing  of  the  conjunctival  sac  of  the  purulent  discharge  as 
soon  as  it  accumulates,  and  (3)  the  appUcation  to  the  surface 
of  the  conjunctiva  of  one  of  the  preparations  of  silver  to  check 
the  swelling  of  the  papilla;  and  to  prevent  the  growth  of  the  micro- 
organisms. Upon  the  promptness  and  thoroughness  with  w^hich 
these  indications  are  met  will  depend  in  large  measure  the  success 
of  the  treatment. 
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1.  The  application  of  cold:  In  the  early  stages  of  the  disease 
cold  compresses  have  a  retarding  influence  upon  the  extension 
of  the  morbid  process,  limit  the  conjunctival  edema,  and  prevent 
compression  of  the  vessels  that  supply  nourishment  to  the  cornea. 
A  block  of  ice  is  placed  in  a  basin  close  to  the  patient's  head. 
On  the  ice  are  several  small,  thick  pads  of  gauze  that  will  absorb 
and  retain  the  cold  and  moisture.  The  pads  are  carried  from 
the  ice  to  the  closed  lids,  allowed  to  remain  a  minute  or  two, 
and  replaced  by  fresh  ones.  In  the  early  stage  of  the  disease  the 
cold  should  be  continuously  applied,  day  and  night.  As  the 
edema  lessens  and  the  inflammation  subsides  the  compresses 
may  be  discontinued  for  an  hour  or  more,  the  intervals  increasing 
with  the  favorable  progress  of  the  disease. 

2.  Removal  of  the  discharge:  Cleansing  of  the  lids  and  cilia 
by  pledgets  of  cotton  or  lint  moistened  with  an  antiseptic  solution 
and  the  irrigation  of  the  conjunctival  sac  with  a  saturated  boric 
acid  solution,  or  a  solution  of  mercuric  bichlorid  (i :  5000),  potas- 
sium permanganate  (i :  2000),  or  formalin  (i :  3000),  cverj'  fifteen 
to  thirty  minutes  is  of  the  utmost  importance,  and  should  be 
continued  day  and  night.  The  strength,  character,  or  composi- 
tion of  the  solution,  provided  it  will  not  irritate  or  injure  the 
corneal  epithelium,  is  of  less  importance  than  the  promptness 
and  thoroughness  with  which  the  discharge  is  removed.  Numer- 
ous forms  of  irrigators,  patterned  after  the  lid  elevator,  have 
been  devised.  They  are  in  no  way  superior  to  the  bulb-pointed 
pipette,  and  have  the  disadvantage  of  possible  injury  to  the 
cornea. 

3.  Local  applications:  During  the  first  day  or  two,  while  the 
discharge  is  serous  and  the  lids  are  swollen  and  tense,  or  later 
in  the  affection  should  the  surface  of  the  conjunctiva  be  hidden 
by  patches  of  membranous  exudate,  caustics  are  not  to  be  used. 
Early  application  of  silver  nitrate  in  strong  solution  will  not 
abort  or  shorten  the  disease.  On  the  contrary,  it  tends  to  convert 
a  mild  case  into  a  severe  one.  Nitrate  of  silver  has  long  held 
the  leading  place  as  the  remedy  in  purulent  conjunctivitis.  Of 
the  numerous  substitutes  proposed,  none  has  met  with  general 
acceptance.     Protargol,  one  of  the  salts  of  silver,   is  the  most 
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popular,  and  excellent  results  have  been  reported  from  its  use. 
Its  advantages  are  the  more  moderate  reaction,  and  the  absence 
of  coagulation  and  precipitation  of  the  albumin  of  the  tissues. 
The  solution  penetrates  the  epithelial  cells,  and  thus  exerts  its 
germicidal  action  upon  the  bacteria  in  the  deep  structures.  Stan- 
dish  recommends  that  the  conjunctival  sac  be  flooded  every  three 
hours  with  a  25  per  cent,  solution,  no  attempt  being  made  to 
evert  the  lids.  Under  this  treatment,  corneal  complications,  in 
his  experience,  are  reduced  to  a  minimum. 

Corneal  ulceration  and  the  formation  of  false  membranes 
may  be  the  result  of  too  early,  too  strong,  or  too  frequent  applica- 
tions of  silver  nitrate.  The  silver  is  indicated  when  the  discharge 
is  muco-purulent,  and  the  intensity  of  the  inflammation  has  been 
controlled  by  cold  and  antiseptics.  The  solution  is  not  to  be 
dropped  into  the  eye,  but  applied  to  the  surface  of  the  conjunctiva 
by  a  cotton-wrapped  probe  or  stick,  in  the  strength  of  10  or  20 
grains  to  one  ounce.  Before  the  application  is  made  the  upper 
lid  is  everted,  the  lower  lid  retracted,  and  all  discharge  thoroughly 
and  carefully  removed.  The  silver  solution  is  then  gently  applied 
to  the  exposed  surfaces,  including  both  fomices.  The  excess  of 
solution  is  neutralized  by  flushing  the  sac  with  weak  salt  solution, 
continued  until  the  white  film  of  albuminate  of  silver  and  the 
degenerated  epithelial  cells  are  washed  away.  The  lids  are  now 
replaced,  their  edges  freely  anointed  with  vaselin,  and  cold  com- 
presses resumed. 

The  immediate  cff'ect  of  the  applications  of  silver  is  to  decrease 
the  discharge  and  change  its  character  from  purulent  to  serous, 
holding  in  suspension  flakes  of  fibrin  and  broken-down  cdls. 
The  cauterization  should  be  repeated  every  twelve  to  twenty-four 
hours,  according  to  the  character  and  quantity  of  discharge. 

Unless  properly  used,  silver  nitrate  will  increase  rather  than 
subdue  the  inflammatory  symptoms  in  purulent  ophthalmia.  It 
should  never  be  dropped  into  the  eye,  it  should  not  be  resorted 
to  in  the  early  stage  when  the  discharge  is  serous,  and  its  use  is 
contraindicatcd  in  the  presence  of  a  false  membrane  on  the 
conjunctival  surface.  Haziness  or  ulceration  of  the  cornea  is 
not  a  contraindication. 
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To  properly  make  conjunctival  applications  in  very  young 
children,  the  oculist  takes  the  child's  head  gently  and  firmly 
between  his  knees  and  with  a  warm  boric  acid  solution  and 
pledgets  of  cotton  thoroughly  removes  all  secretion  from  the  lids, 
cilia,  and  conjunctival  sac.  The  lids  are  now  everted  and  the 
silver  solution  is  applied  as  described  above.  In  the  everting  of 
the  lids  all  pressure  upon  the  cornea  is  to  be  guarded  against, 
particularly  when  that  membrane  is  softened  or  ulcerated. 
Wounding  of  the  cornea  by  the  finger-nails  or  by  the  lid  elevator 
must  be  avoided. 

The  treatment  of  corneal  complications  is  considered  under 
the  head  of  gonorrheal  conjunctivitis.  In  this  connection  it  may 
be  stated  that  loss  of  transparency  is  an  indication  for  the  use  of 
atropin  and  the  substitution  of  hot  for  cold  compresses.  Poultices 
are  positively  contraindicated. 

Excessive  pressure  of  the  upper  lid  upon  the  cornea  may  be 
reUeved  by  canthotomy  (page  129)  and  the  edema  of  the  conjunc- 
tiva lessened  by  free  scarification  of  the  ocular  membrane. 

Corneal  Complications. — The  intense  swelling  of  the  con- 
junctiva around  the  corneal  margin  seriously  retards  the  blood- 
supply  to  the  cornea  by  pressure  upon  the  circumcomeal  ves- 
sels. To  this  cause  can  be  attributed  the  haziness,  ulceration, 
and  sloughing  of  the  cornea.  Early  involvement  of  the  cornea 
indicates  the  violence  of  the  inflammation,  and  is  a  bad  prognostic 
sign,  especially  in  the  case  of  a  weak  and  puny  infant.  The 
ulcers  are  single  or  multiple,  involve  a  small  area  or  the  entire 
cornea,  and  usually  appear  where  the  edematous  conjunctiva 
overlaps  the  cornea.  They  develop  at  the  height  of  the  inflam- 
mation or  during  recrudescence.  After  the  epitheUum  over  the 
affected  area  is  lost,  the  exposed  corneal  stroma  becomes  infected 
by  the  discharge.  The  ulcer  rapidly  spreads  and  deepens,  and 
finally  penetrates  through  all  the  layers.  The  escaping  aqueous 
carries  the  iris  against  the  opening,  blocking  it  and  preventing 
the  further  escape  of  the  intraocular  contents.  In  some  cases 
of  corneal  involvement,  however,  the  morbid  process  is  checked 
before  it  has  come  to  perforation.  This  is  particularly  true  in 
late   ulceration   at   the   peripher\\     The   resuhing   opacity   will 
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therefore  be  less  dense  and  permanent,  and  the  usefubiess  of  the 
eye  slightly  or  not  at  all  impaired. 

Sequels. — ^The  destructive  effects  of  this  disease  are  found  in 
those  cases  in  which  the  cornea  has  been  involved.  Vision  may 
be  only  slightly  affected  by  corneal  opacities,  or  the  eyeball  may 
become  atrophic  from  corneal  necrosis.  Perforation  near  the 
periphery  leads  to  attachments  between  the  iris  and  edges  of  the 
corneal  ulcer;  central  perforation,  to  opacities  of  the  lens  capsule, 
or  to  anterior  polar  cataract.  Progressive  deep  ulceration  may 
terminate  in  anterior  staphyloma  or  may  advance  to  complete 
destruction  of  the  cornea,  panophthalmitis,  and  atrophy  of  the 
ball. 

Gonorrheal  Conjunctivitis  is  an  acute,  contagious  inflamma- 
tion of  the  conjunctiva,  presenting  the  general  features  of  ophthal- 
mia neonatorum,  but  running  a  more  virulent  course,  and  more 
frequently  complicated  by  corneal  involvement. 

Etiology. — The  common  sources  of  the  infection  are  the  dis- 
charges of  urethral  or  vaginal  disease  conveyed  to  the  eye  by 
the  fingers  or  soiled  linen.  As  in  purulent  ophthalmia  of  in- 
fants, the  inflammation  may  have  the  characteristic  symptoms 
of  the  specific  disease  and  yet  the  gonococcus  cannot  be  found  in 
the  discharge.  The  majority  of  cases,  however,  show  microscopi- 
cally an  abundance  of  these  micro-organisms.  Exceptionally  a 
non-specific  infection  occurs  in  young  women  suffering  from 
severe  vaginitis. 

Bacteriology. — The  diplococcus  of  Neisser  is  regarded  as  the 
direct  cause  of  gonorrheal  conjunctivitis,  although  in  a  certain 
proportion  of  cases  the  gonococcus  cannot  be  discovered.  Great 
progress  has  been  made  in  recent  years  toward  a  better  knowledge 
of  the  etiology  of  purulent  inflammations  of  the  conjimctiva, 
but  the  causative  factor  in  many  of  these  affections  is  yet  to  be 
determined.  A  purulent  discharge  from  the  conjunctiva  may 
be  due  to  any  one  of  a  number  of  micro-organisms  other  than 
the  gonococcus,  so  that  bacteriologic  examination  of  the  dis- 
charges in  all  cases  is  of  the  utmost  importance  in  view  of  the 
inability  to  make  a  clear  differential  diagnosis  in  the  early  stage 
of  the  disease  from  the  clinical  symptoms  alone.    Severe  cases 


176  DISEASES  OF  THE  CONJUNCTIVA. 

of  epidemic  conjunctivitis  due  to  the  Weeks  bacillus  or  the  pneu- 
mococcus  are  not  dissimilar  clinically  from  gonorrheal  con- 
junctivitis in  the  early  stages.  During  an  epidemic  of  the  former 
the  presence  of  a  muco-purulent  discharge  from  the  conjunctiva 
of  a  patient  suffering  from  urethritis  presents  a  problem  that  can 
be  solved  only  by  the  microscope. 

Symptoms. — In  its  incipiency  gonorrheal  conjunctivitis  may 
present  the  signs  of  an  ordinary  acute  catarrhal  inflammation 
— slight  injection  of  the  superficial  conjunctival  vessels,  serous 
or  muco-purulent  discharge,  and  the  sensation  of  a  foreign  body 
in  the  conjunctival  sac.  The  patient,  unless  informed  of  the 
possibility  of  infection  of  the  eyes  from  a  urethral  discharge, 
considers  the  inflammation  due  to  a  cold,  and  the  physician 
learns  little  of  the  seriousness  of  the  affection  from  an  inspection 
of  the  eye.  A  rapid  and  violent  increase  in  the  intensity  of  the 
S)rmptoms,  with  chemosis  of  the  conjunctiva,  shows  the  true 
character  of  the  inflammation. 

The  prodromal  stage  varies  from  twelve  to  forty-eight  hours. 
The  congestion  increases  and  the  discharge  becomes  purulent, 
with  intense  swelling  of  the  lids  and  conjunctiva  and  fibroplastic 
exudation.  The  height  of  the  inflammation  is  reached  on  the 
third  or  fourth  day,  in  rare  instances  on  the  second  day.  At  this 
period  the  skin  of  the  upper  lid  is  red  and  glossy,  and  the  lid  is 
so  swollen  that  it  cannot  be  raised;  the  conjunctiva  is  edematous, 
ulcerated  in  patches,  and  partly  covered  by  a  thin  plastic  exudate; 
yellow  creamy  discharge  fills  the  conjunctival  sac  and  flows  down 
over  the  cheek.  The  pain  is  moderate  in  intensity,  and  is  rather 
a  burning  and  scratching  than  acute  suffering. 

The  effusion  of  lymph  into  and  under  the  bulbar  conjunctiva, 
and  its  pressure  upon  the  vessels  that  supply  the  cornea,  seriously 
compromise  the  nourishment  of  this  membrane  and  ulceration 
is  frequent.  The  ulcers  are  central  or  peripheral,  the  latter  con- 
cealed at  first  by  the  edematous  conjunctiva.  They  develop 
before  the  second  week  and  have  a  marked  tendency  to  spread 
until  extensive  areas  of  the  cornea  are  necrosed.  Ulcers  that 
appear  late  in  the  disease,  after  the  chemosis  has  decreased  or 
disappeared,  are  usually  superficial  and  heal  readily.    They  are 
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probably  due  lo  lowered  resistance  of  the  cornea  from  pressure 
upon  the  nutrient  %'essels,  and  subsequent  infection. 

As  the  inflammation  subsides  the  lids  become  softer  and  less 
swollen,  the  discharge  is  thinner,  and  the  conjunctiva  slightly 
granular  and  disposed  to  bleed  freciy.  The  average  duration  of 
the  disease  is  from  four  to  six  weeks.  The  palpebral  conjunctiva 
does  not  regain  its  normal  appearance  and  form  until  some  weeks 
later.  The  papillae  and  retrolarsal  folds  are  hypertrophied  and 
the  blood-vessels  dilated.  The  progress  of  the  intlammation  is 
not  the  same  in  all  cases*  It  is  governed  by  the  virulence  of  the 
infecting  material  and  by  the  susceptibility  of  the  individual 

Prognosis. — The  outcome  is  always  uncertain  and  a  favor- 
able prognosis  is  never  to  be 
given  until  all  signs  of  inflam- 
mation  and  swelling  have  dis- 
appeared. Even  with  subsi- 
dence of  the  edema,  ulcers 
may  appear.  Deep  involve- 
ment of  the  cornea  means  a 
permanent  loss  of  transpa- 
rency. Perforation  and  ante- 
rior synechise  impair  to  a 
greater  or  less  extent  the  use- 
fulness of  the  eye. 

Tre a  t  m  e  o  t , — Since  the 
original  infection  is  usually 
limited  to  one  eye,  one  of  the  earliest  and  most  important  consider- 
ations is  the  protection  of  the  sound  eye  from  the  discharge  of  the 
infected  eye.  For  this  purpose  a  Bullcr  shield  ( Fig,  112)  is 
recommended.  It  consists  of  a  watch-crj^stal  or  piece  of  mica  se- 
cured in  place  over  the  healthy  eye  by  adhesive  strips  cemented 
with  collodion.  At  the  lower  outer  comer  of  the  shield  a  small 
opening  is  left  for  ventilation.  Mica  is  lighter  than  glass  and  does 
not  cloud  from  moisture. 

The  local  treatment  is  not  essentially  different  from  that  de- 
scribed for  ophthalmia  neonatorum.  Cold  compresses,  frequent 
flooding  of  the  sac  with  antiseptic  and  cleansing  solutions,  and 


Fig.  112. — BiTLLEft's  SHi£tJ>. 
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the  anointing  of  the  lids  with  some  bland  ointment  after  each 
cleansing  are  indicated  in  the  first  stage,  supplemented  in  the 
stage  of  purulent  discharge  by  nitrate  of  silver  or  protargol  ener- 
getically applied. 

The  hypertrophied  papilla,  a  frequent  sequel,  require  ap- 
plications of  silver  nitrate,  2  grains  to  the  ounce;  glycerite  of  tan- 
nin, 10  per  cent.,  and  boroglycerid,  40  per  cent. 

Treatment  of  Corneal  Complications. — The  cornea  must  be 
watched.  Haziness,  loss  of  epithelium,  or  infiltration  of  the 
deeper  layers  is  an  indication  for  the  use  of  hot  compresses,  and 
in  proper  cases  scarification  of  the  chemosed  conjunctiva  near  the 
comeo-scleral  junction.  Should  the  cornea  ulcerate,  atropin  is  to 
be  instilled  to  allay  the  associated  irritation  of  the  iris.  Eserin 
has  been  recommended  when  the  ulcer  is  peripheral,  but  it  is  a 
question  whether  eserin  will  not  do  more  harm  than  good,  because 
of  the  irritation  from  the  induced  contraction  of  the  ciliary  muscle. 

Of  the  local  appUcations  to  the  ulcerated  area,  tincture  of 
iodin  is  probably  the  most  efficient.  A  solution  of  holocain,  i 
per  cent.,  is  preferable  to  cocain  to  anesthetize  the  cornea.  Its 
antiseptic  qualities  render  its  instillation  several  times  daily  of 
value.  Dusting  the  ulcer  with  iodoform  may  be  useful.  Threat- 
ening perforation  demands  paracentesis  (tapping  the  anterior 
chamber)  through  the  floor  of  the  ulcer.  If  the  iris  has  prolapsed 
through  the  perforation,  no  attempt  should  be  made  to  replace 
it,  because  of  the  danger  of  carrying  infection  to  the  interior  of  the 
eyeball.  A  free  canthotomy  relieves  the  pressure  of  the  lids  and 
favors  local  depletion. 

Systemic  Treatment. — The  internal  administration  of  quinin, 
strjxhnin,  and  remedies  to  promote  general  nutrition  are  indicated. 
Calomel  in  broken  doses  (gr.  y^^)  may  be  given  at  hourly  in- 
ter\-als  in  well-nourished  patients  until  about  two  grains  are  ad- 
ministered or  the  gums  are  inflamed.  The  bowels  are  to  be  kept 
open  with  salines,  if  necessary. 

Membranous  Conjunctivitis. — Inflammation  of  the  con- 
junctiva, characterized  by  the  formation  of  a  membrane,  is  clas- 
sified into:  (i)  Croupous  conjunctivitis ,  in  which  the  membrane 
is   soft,   fibrinous,   and   easily   detachable;   and    (2)  diphtheritic 
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conjunctivitis y  in  which  the  membrane,  interwoven  with  the 
superficial  layers  of  the  conjunctiva,  is  tough  and  fibrous,  and  can 
be  detached  only  in  small  fragments. 

I.  Croupous  Conjunctivitis. — The  adjective  "croupous" 
has  been  misapplied  to  include  all  forms  of  conjunctival  inflam- 
mation that  are  of  sufficiently  high  grade  to  cause  the  development 
of  the  exudate  into  a  membrane;  for  example,  purulent  ophthalmia. 
It  is  strictly  applicable  to  those  cases  that  occur  in  scrofulous 
children  who  suffer  from  eczema  of  the  face  and  scalp.  The 
conjunctival  disease  is  the  ocular  expression  of  the  tendency  to 
the  formation  of  organized  exudates  in  inflammation  of  the  mucous 
membranes.  True  croupous  conjunctivitis  is  rare.  Intense  strep- 
tococcic infection  may  be  associated  with  a  croupous  inflamma- 
tion of  the  conjunctiva. 

Symptoms. — The  lids  are  swollen  and  edematous,  and  a 
sero-mucous  secretion  is  exuded  in  moderate  quantity.  The 
membrane  which  forms  in  a  few  days  is  of  a  yellowish-white  color, 
opacjue  and  readily  detached,  and  recurrent.  The  denuded  con- 
junctiva is  bright  red,  puffy,  and  presents  bleeding  points.  As 
the  inflammation  subsides  the  membrane  is  cast  off  spontaneously. 
The  discharge  then  becomes  muco-purulent,  decreases  in  quantity, 
and  soon  ceases.  In  rare  instances  the  membrane  is  repeatedly 
cast  off  and  reformed. 

Pathology. — The  changes  common  to  all  forms  of  conjunc- 
tivitis are  associated  with  the  formation  of  a  superficial  mem- 
branous exudation  of  var}'ing  thickness.  The  membrane  consists 
of  fibrin,  numerous  pus  and  epithelial  cells,  and  several  varieties 
of  micro-organisms. 

Diagnosis. — The  disease  is  distinguished  from  diphtheritic 
conjunctivitis  by  the  absence  of  the  specific  Klebs-Loffler  bacillus 
from  the  discharge,  and  the  softness  of  the  fibrinous  exudate; 
from  purulent  conjunctivitis,  by  the  more  chronic  course,  by  the 
results  of  the  bactcriologic  examination,  and  by  the  history. 

Prognosis. — Most  cases,  even  protracted,  recover  without 
corneal  opacities  or  other  permanent  sequels. 

Treatment. — Applications  of  cold  and  the  free  use  of  anti- 
septic washes,  the  insufllation  of  calomel,  quinin  or  iodoform,  and 
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thorough  and  frequent  cleansing  are  of  value  during  the  exudative 
stage.  After  the  membranous  formation  has  ceased,  silver  nitrate 
(gr.  V  to  5j)  may  be  applied  to  the  everted  Uds  every  second  day. 
Corneal  ulceration  or  infiltration  is  to  be  treated  as  described 
under  those  afiFections. 

2.  Diphtheritic  Conjunctivitis. — ^The  lids  arc  intensely 
swollen,  and  a  gray  infiltrating  membrane,  covering  a  large  part 
of  the  ocular  and  palpebral  surfaces,  is  formed  early  in  the  affec- 
tion. The  Klebs-L5ffler  bacillus,  the  exciting  cause  of  the  disease, 
is  probably  always  present,  although  it  cannot  be  demonstrated 
in  every  case.  Exceptionally,  the  streptococcus  is  found,  but  it  is 
uncertain  whether  this  organism  is  the  primary  cause  of  the  in- 
flammation or  is  a  secondary  implantation  upon  a  membrane 
previously  infected  by  diphtheritic  bacilli.  Any  form  of  inflam- 
mation of  the  conjunctiva  which  weakens  the  resisting  power 
favors  the  development  of  the  disease  should  the  bacillus  become 
implanted  in  the  sac.  Diphtheria  of  the  conjunctiva  appears  as 
a  primary  affection  or  secondary  to  diphtheria  of  the  throat  and 
nose,  and  in  either  case  is  a  rare  affection. 

Pathology. — Unlike  the  superficial  fibrinous  exudate  of  croup- 
ous conjunctivitis,  the  diphtheritic  membrane  forms  within  the 
structure  of  the  conjunctiva.  The  membrane  consists  of  masses 
of  fibrin,  leucocytes,  epithelial  cells,  and  numerous  micro-organ- 
isms, conspicuous  among  which  are  the  Klebs-LoflBer  bacilli. 

Symptoms. — Both  eyes  are  usually  simultaneously  affected. 
Conjunctival  injection,  lacrimation,  photophobia,  and  a  sensation 
of  fullness  mark  the  sudden  onset  of  the  disease.  The  symptoms 
rapidly  increase  in  severity  until  the  lids  are  dusky-red  in  color, 
the  skin  folds  obliterated,  and  the  tissues  so  intensely  swollen  and 
hard  from  the  deep  infiltration  that  it  is  with  difficulty  that  the 
eyes  can  be  examined.  A  thin  discharge,  tinged  with  blood  and 
containing  flakes  of  lymph,  courses  down  the  checks.  The  under 
surface  of  the  lids  is  covered  by  a  dense  gray  membrane,  firmly 
adherent  to  the  conjunctiva.  Attempts  to  remove  it  entire  are 
futile.  Patches  torn  away  leave  bleeding  surfaces  that  are  soon 
again  infiltrated  and  covered  by  the  exudate.  The  membrane 
in  severe  cases  invades  the  ocular  conjunctiva,  compresses  the 
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corneal  vessels,  and,  inhibiting  the  nourishment  of  the  cornea, 
destroys  its  transparency  and  causes  large  areas  of  ulceration. 

The  stage  of  acute  inflammation  lasts  from  three  to  seven 
days,  and  is  marked  by  a  rise  of  body-temperature,  loss  of  appetite, 
and  general  malaise,  which  continue  until  the  subsidence  of  the 
local  symptoms. 

Sequels. — Mild  cases  recover  completely  with  full  restora- 
tion of  the  use  of  the  eyes  and  without  permanent  cicatrization. 
Cases  of  more  than  moderate  severity  recover  with  dense  leucoma 
and  symblepharon,  impairing  the  vision  and  mobility  of  the  globe. 
The  corneal  lesions  of  diphtheria  are  secondary  to  the  acute  in- 
flanunatory  process  and,  in  a  less  degree,  to  the  toxins  of  the 
disease. 

Diagnosis. — The  membranous  formation  in  streptococcus  in- 
fection, and  in  severe  cases  of  epidemic  catarrhal  and  of  gonor- 
rheal conjunctivitis,  in  which  too  strong  or  too  frequent  applications 
of  caustics  have  been  made,  may  temporarily  conceal  the  true 
nature  of  the  disease,  but  the  history  and  course,  supplemented 
by  bacteriologic  examinations,  lead  to  the  correct  diagnosis.  The 
difficulty  of  distinguishing  with  the  miscroscope  diphtheritic  from 
other  forms  of  conjunctivitis  arises  from  the  close  resemblance  of 
the  Klebs-Loffler  bacillus  to  a  number  of  other  micro-organisms, 
especially  the  xerosis  bacillus  and  the  pseudo-diphtheritic  bacillus 
of  Hoffman.  In  order  that  the  diagnosis  may  be  positive,  the 
usual  examinations  of  cover-glass  preparations  must  be  followed 
by  cultures  on  serum- agar  and  double  staining  by  the  Emst- 
Neisser  method.  Further  tests  may  be  made  by  guinea-pig  inoc- 
ulation. 

Prognosis. — From  the  first  the  physician  is  apprehensive  of 
the  disastrous  effects  of  ulceration  of  the  cornea,  of  the  con- 
traction of  the  conjunctiva,  and  of  the  cicatricial  adhesions  be- 
tween the  lids  and  the  ball.  Early  diagnosis  and  early  treatment 
by  antitoxin  injections  will  do  much  to  mitigate  the  severity  of  the 
inflammation,  and  prevent  serious  consequences. 

Treatment. — Diphtheria  of  the  eye  requires  exactly  the  same 
local  and  general  treatment  as  diphtheria  of  the  nasopharynx. 
This  includes  full  doses  of  antitoxin,  local  antiseptic  washes,  and 
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a  concentrated  nutritious  diet.  Before  the  cornea  is  involved, 
cold  compresses,  and  afterward  hot  compresses,  should  be  sedu- 
lously employed.  In  case  the  affection  is  monocular,  Buller's 
shield  will  protect  the  sound  eye  from,  the  contagious  discharges. 
The  usual  precautions  should  be  taken  to  prevent  spread  of  the 
disease.  Strong  appUcations  to  the  swollen  conjunctiva  are  con- 
traindicatcd  during  the  acute  stage.  Lotions  of  boric  acid,  solu- 
tions of  i:  5000  bichlorid,  or  i:  3000  permanganate  of  potash, 
should  be  employed  at  frequent  intervals  to  remove  the  discharge. 
After  the  membrane  has  been  thrown  off,  weak  astringents  should 
be  applied  once  daily. 

Phlyctenular  Conjunctivitis  (Eczema  of  the  Conjunctiva). — 
The  phlyctenule,  the  distinguishing  feature  of  the  afifection,  is  a 
little  bleb  formed  by  a  circumscribed  elevation  of  the  epithelium 
of  the  bulbar  conjunctiva.  Its  most  frequent  site  is  the  vicinity 
of  the  cornea.  (See  page  220.)  It  is  single  or  multiple.  The 
blood-vessels  of  the  affected  part  of  the  conjunctiva  are  injected, 
tortuous,  and  prominent,  while  those  of  other  portions  remain 
normal.  The  contents  of  the  bleb  are  serous  and  transparent  in 
the  mild  cases,  purulent  and  opaque  in  the  severe  cases.  After 
the  rupture  of  the  anterior  wall  of  the  bleb  a  minute  ulcer  remains. 

The  affection  is  often  associated  with  catarrh  of  the  naso- 
pharynx, eczema  of  the  skin  of  the  face  or  of  the  scalp,  and  en- 
larged cervical  and  submaxillary  glands.  It  attacks  children  of 
strumous  or  tuberculous  diathesis,  and  those  who  are  poorly  fed 
and  housed,  and  is  a  frequent  sequel  of  the  eruptive  fevers,  par- 
ticularly measles. 

Bacteriology. — ^The  staphylococcus  has  been  found  in  the 
bleb,  and  it  is  presumed  that  the  entrance  of  this  germ  beneath 
the  feebly  resisting  epithelial  cells  gives  rise  to  the  affection.  The 
microscopic  proof  of  the  bacterial  origin  is,  however,  not  conclusive. 

Symptoms. — The  vascularity  is  usually  limited  to  a  triangular 
set  of  vessels  which  have  the  phlyctenule  as  their  apex.  Photo- 
phobia, pain,  lacrimation,  and  discharge  arc  not  marked.  The 
skin  at  the  comers  of  the  commissure  and  at  the  ala;  of  the 
nose  is  often  excoriated,  and  the  nasal  mucous  membrane  is  con- 
gested and  hj-pertrophied. 
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Treatment. — A  boric  acid  wash,  hot  bathing,  yellow  oxid  of 
mercury  ointment  (gr.  j  to  5ij),  and  healing  applications  to 
the  inflamed  nasopharynx  will  effect  a  speedy  cure.  Recurring 
attacks  indicate  the  need  for  tonics  and  alteratives.  The  treat- 
ment of  phlyctenules  at  the  comeo-scleral  junction  is  identical 
with  that  in  other  situations. 

Granular  Disease  of  the  Conjunctiva.— Affections  of  the 
conjunctiva  which  present  either  discrete  or  confluent  granulations 
upon  the  tarsal  conjunctiva  or  in  the  fornix  are  classified  as  granular 
conjunctivitis.  The  granulations  consist  of  swollen  papilla?  and 
newly  formed  lymphoid  bodies  infiltrated  with  round  cells.  Con- 
siderable diversity  of  opinion  exists  as  to  the  origin  and  nature  of 
these  inflammator)'  processes.  The  debated  question  is  whether 
each  is  due  to  one  and  the  same  cause  and  presents  various  phases 
under  different  conditions  of  climate,  mode  of  living,  and  individual 
susceptibility,  or  whether  they  are  distinct  and  separate  affec- 
tions, each  with  its  own  etiology  and  pathology.  Clinically  several 
forms  of  granular  inflammation  are  described.  They  may  be 
studied  under  two  general  divisions:  Follicular  conjunctivitis^  or 
folliculosis;  and  true  granular  conjunctivitis^  or  trachoma. 

Follicular  Conjunctivitis  {Folliculosis:), — Small,  round  or 
oval,  pinkish  elevations  appear  in  the  conjunctiva,  particularly 
of  the  lower  lid.  They  are  arranged  in  rows  parallel  to  the  lid 
border.  The  disease  is  found  most  commonly  among  children 
in  asylums  and  pauper  institutions  where  there  is  overcrowding, 
bad  hygiene,  and  unwholesome  environment.  It  is,  therefore,  con- 
tagious. Adults  who  have  a  disregard  for  personal  cleanliness 
are  frequently  the  subjects  of  the  disease. 

Symptoms. — The  disease  is  essentially  chronic.  During  the 
first  few  weeks  the  patient  complains  of  burning  and  itching 
of  the  lids,  pain  in  the  eyes  at  near  work,  lacrimation,  and  slight 
photophobia.  The  follicles  are  most  abundant  in  the  fornix,  and 
spread  to  the  adjacent  palpebral  conjunctiva.  The  symptoms  are 
rather  annoying  than  severe.  The  disease  leads  to  no  permanent 
changes  in  the  mucous  membrane  or  in  the  lids. 

Diagnosis. — The  only  disease  with  which  folliculosis  is  likely 
to  be  confounded  is  trachoma,  but    its   comparatively  transient 
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character,  the  difference  in  site,  color,  and  size  of  the  enlarged 
follicles,  and  the  absence  of  pannus  and  cicatricial  lesions  are 
sufficient  to  differentiate  the  two  diseases. 

Treatment. — Change  of  environment,  betterment  of  mode 
of  living,  and  tonics  contribute  in  no  small  degree  to  the  efficacy 
of  the  local  remedies.  A  collyrium  of  zinc  sulphate  (gr,  j  to  5])^ 
daily  applications  of  glycerilc  of  tannin  (gr.  xxx-lx  to  5j),  silver 
nitrate  (gr.  ij  to  5j)t  boroglyccrid  (40  per  cent^^  and  the  occasional 
touching  of  the  follicles  with  crystal  of  copper  sulphate,  constitute 
the  most  useful  remedies.  Unusually  prominent  follicles  may  be 
treated  by  the  operation  of  expression,  as  described  under  granular 
conjunctivitis. 

Granular  Conjunctivitis  {Trachoma,  Egyptian  Ophthalmia, 
Trachinnatims  Conjunctivitis)  is  characterized  by  the  growth  in  the 
tarsal  conjunctiva  of  lymphoid  bodies,  by  superficial  vascular  in* 
tlammation  of  the  cornea,  by  permanent  cicatricial  changes  in  the 
conjunctiva,  and  by  deformities  of  the  lids. 

Etiology. — Trachoma  is  a  disease  of  the  poor.  It  shows 
preference  for  the  inhabitants  of  Eg)pt  and  other  eastern  countries, 
particularly  the  Jews.  In  large  American  cities  it  is  most  often 
seen  among  the  Jews  from  Russian  Poland*  It  is  equally  divided 
among  the  sexes,  is  prevalent  in  crowded  districts  of  large  cities 
where  the  foreign  population  is  housed,  and  is  increased  in  the 
number  of  cases  and  in  violence  of  inflammation  by  crowded 
living  and  lack  of  proper  sanitation.  The  prevalence  of  trachoma 
in  various  parts  of  the  world  has  been  the  subject  of  much  study, 
but  no  definite  data  have  been  determined  as  to  the  effect  of 
climate  upon  its  origin  and  spread.  High  altitudes  are  unfavor- 
able tn  its  development,  but  do  not  guarantee  immunity,  while 
low  and  damp  countries  rather  favor  its  spread. 

Bacteriology. — The  direct  cause  is  probably  some  form  of 
micro-organism  or  its  toxin.  The  results  of  culture  and  inoc- 
ulation experiments  with  the  so-called  trachoma  germs  have 
been,  however,  so  varied  that  the  matter  is  not  finally  settled. 
Saltier  and  Michel  both  found  a  diplococcus  resembling  a  gono- 
coccus,  but  smaller  in  size,  cultures  of  which  gave  rise  to  the 
disease  when  inoculated  upon  the  human  con  j  unci  i%^a.    SvTidecker 
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claims  to  have  developed  a  typical  case  of  trachoma  from  inocula- 
tion with  cultures  from  a  dot-like,  capsulated  diplococcus,  found 
by  him  in  the  trachoma  body. 

Pathology. — ^The  trachoma  follicle  is  found  microscopically 
to  consist  of  a  collection  of  lymph  corpuscles,  separated  from  the 
thickened  and  swollen  lymphoid  structure  in  which  it  is  situated 
by  a  fine  network  of  connective  tissue.  This  forms  an  imperfect 
fibrous  envelope.  The  normal  epithelial  layer  of  the  conjunctiva, 
beneath  which  the 
trachoma  bodies  are 
situated,  becomes  ^^V^^ 
thickened  from  pres- 
sure and  lymphoid 
infiltration.  In  the 
follicular  variety  the 
follicle  may  remain 
distinct  throughout 
the  progress  of  the 
disease,  and  the  mu- 
cous membrane  un- 
dergo but  little  struc- 
tural change.  In  the  adenoid  t\T)e  the  granular  bodies  may  become 
apparent  only  on  the  subsidence  of  the  swelling  and  the  partial 
absorption  of  the  lymphoid  tissue  of  the  lid.  In  the  last  stages  of 
the  disease  the  connective-tissue  fiber  is  increased,  and  by  its  con- 
traction destroys  the  normal  structure  of  the  lid  and  replaces  it 
with  cicatricial  bands. 

Symptoms. — It  is  difficult  to  present  a  clear  and  distinct 
clinical  history  of  trachoma.  The  various  stages  through  which 
the  disease  passes  in  its  several  years*  course,  modified  by  the 
general  condition  of  the  patient  and  his  environment,  are  marked 
by  manifold  variations  in  the  appearance  of  the  inflamed  conjunc- 
tiva, and  are  often  considered  as  separate  types  rather  than  as 
stages  in  the  progress. 

First  Stage  (Lymphoid  Infiltration), — The  conjunctiva  is 
swollen  from  infiltration  into  its  connective  tissue  of  serous  and 
fibrinous  exudation;  the  follicles  are  enlarged  and  stand  out  in  rows 


Fig.  113. — Trachoma  Follicle,  with  its  Capsule 
Impregnated  with  Lymph  Corpuscles. — {Afler 
Rahlmann.) 
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of  fine  elevations  in  the  fomices;  on  the  palpebral  conjunctiva 
minute  tumors  form,  consisting  of  newly  deposited  cells  and 
hj'perplastic  connective  tissue,  separated  by  ill-defined  sulci;  and 
the  discharge  is  serous  and  mucous.  The  pain  is  a  smarting, 
burning,  and  scratching;  reading  and  other  near  work  induce 
lacrimation  and  asthenopia.  In  a  few  weeks,  during  which  the 
s)rmptoms  gradually  increase  in  severity,  the  little  tumors  have 
grown  into  well-marked  granulations. 

Second  Stage  (Development  of  Granulations), — ^The  conjunctival 
surface  of  the  upper  lid  is  covered  in  every  part  by  the  granulations, 
and  is  exceedingly  rough  and  uneven.  It  is  intensely  red,  vas- 
cular, and  swollen  several  times  its  normal  thickness.  The 
granulations  are  of  different  sizes  and  shapes  according  to  location, 
largest  and  best  developed  toward  the  fornix.  The  superior 
ocular  conjunctiva  becomes  invaded  as  far  forward  as  the  cornea. 
Here  the  granulations  are  fewer,  round,  isolated,  and  less  vascular. 
The  conjunctiva  of  the  lower  lid  remains  free  until  the  second 
stage  is  well  advanced,  when  it,  too,  becomes  the  seat  of  granules 
resembling  in  every  detail  those  of  the  upper  lid,  but  less  promi- 
nent and  less  numerous.  The  inferior  ocular  conjunctiva  is 
rarely  attacked.  The  conjunctival  tissues  of  both  lids,  particularly 
the  upper,  become  infiltrated  and  the  commissure  narrowed.  The 
period  of  the  maturity  of  the  granulations  is  marked  by  superficial 
vascularization  of  the  cornea.  Trachoma  is  subject  to  periods  of 
acute  exacerbations.  The  discharge  becomes  more  abundant,  the 
inflammation  and  edema  of  the  conjunctiva  increase  in  intensity, 
and  the  vascularization  of  the  cornea  and  destruction  of  the 
epithelium  lead  to  ulceration  and  opacity  of  the  deeper  layers. 

Pannus. — ^The  anterior  layers  of  the  cornea  participate  in  the 
morbid  process,  first,  by  vascular  inflammation  induced  by  friction 
of  the  roughened  lid  in  the  act  of  winking,  and,  second,  by  exten- 
sion of  the  disease.  The  cornea,  always  in  its  upper  third  and 
frequently  in  its  entire  area,  becomes  opaque,  superficially  ulcer- 
ated, and  vascular.  The  newly  formed  blood-vessels,  derived 
from  the  conjunctival  vessels  at  the  border  of  the  cornea,  pass  into 
and  over  the  infiltrated  epithelium  in  nearly  parallel,  slightly 
tortuous  lines  as  far  as  the  center.     They  are  readily  seen  without 
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lens  magnificalion.  In  ihc  severe  cases  they  are  given  off  from 
any  part  of  the  corneal  circumference,  travel  toward  the  center^ 
freely  interlacing  with  one  another  and  transforming  Bowman's 
membrane  into  a  fleshy  network.  The  epithelial  cells  lying] 
between  the  vessels  are  destroyed  and  cast  off,  anfl  the  uridcrlying 
tissue  is  infiltrated  with  round  cells*  In  long- continued  cases  the 
deeper  layers  of  the  cornea  are  involi^d  by  extension  of  the  ulcera- 
tive process,  and  occasionally  perforate. 

Third  Stage  {Ckairizaihn). — The  inflammation,  having  reached 
its  zenith  J  declines  and  slowly  passes  into  the  cicatricial  stage. 
The  vascularity  of  both 
lids  and  cornea  disap- 
pears, the  granulations 
are  transformed  into 
dense  connective  I  issue, 
indissolubly  bound  with 
the  shrunken  conjunc- 
tiva.  Broad  and  irregu- 
larly  horizonia!  white 
Unes  traverse  the  under 
surface  of  the  upper  lid. 
The  tarsus  is  curved 
Tvith  its  convexity  for- 
ward, and  the  lashes  are 
turned  backward  against 
the  ball.  The  commis- 
sure is  narrowed  by  shrinking  and  destruction  of  the  conjunctiva. 
The  corneal  vessels  have  become  fine  lines,  and  the  cornea  regains, 
in  part,  its  transparency. 

Sequels. — Trachoma  is  never  perfectly  recovered  from,  but 
terminates  in  partial  ptosis  from  structural  changes  in  the  lid  and 
not  from  paralysis  of  the  levator  palpebr^  muscle;  entropion 
from  deformity  of  the  tarsus;  trichiasis  from  distortion  and  mis- 
placement of  some  of  the  bulbs  of  the  cilia;  symblepharon  from 
cicatricial  contraction  and  obliteration  of  the  fomiccs;  corneal 
opacities,  the  remains  of  the  pannus;  anterior  staphyloma  from 
weakening  of  the  cornea  and  sclera;  a  drj',  scaly  and  contracting 


Fig,  114. 
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conjunctiva  (xerosis)  from  a  long-continued  third  stage;  ectro- 
pion from  spasmodic  contraction  of  the  orbicularis;  and  thickening 
of  the  exposed  conjunctiva  from  irritation  of  \^and  and  dust. 

Treatment, — ^Propcr  hygienic  measures  should  be  instituted 
early,  both  to  prevent  spread  of  the  disease  by  contagion  and  to 
favorably  influence  the  inflammatory  process.  They  include 
cleanliness  of  person,  individual  towels  and  linen,  nourishing  food, 
tonics,  outdoor  life,  and  well- ventilated,  uncrowded  sleeping- 
rooms.  In  most  dispcnsar}^  cases  conformity  with  strict  sanitary 
regulations  is  impracticable,  and  the  treatment  is  narrowed  to 
remedial  and  operative  measures. 

The  large  number  of  therapeutic  agents  that  have  been  recom- 
mended is  an  indication  of  the  stubbornness  of  the  affection  and 
the  unsatisfactory  results  of  treatment.  No  disease  of  the  eye 
calls  for  more  judgment  and  skill  from  the  surgeon  in  the  choice 
of  remedies,  or  for  greater  patience  on  the  part  of  the  patients, 
than  trachoma.  The  treatment  of  each  case  should  be  deter- 
mined by  the  stage  of  the  disease,  the  intensity  of  the  inflammation, 
and  the  individual  peculiarities  of  temperament  and  disposition. 
Routine  practice  is  inexcusable,  A  criticism  that  is  perhaps 
justified  is  the  tendency  to  overtreat  by  too  frequent  applications 
of  caustics  and  irritants,  which,  instead  of  aiding^  retard  the  cure 
and  multiply  and  aggravate  the  sequels, 

Firsf  Siage. — Only  mild  remedies  are  indicated,  such  as  cold 
compresses,  irrigations  of  boric  acid  or  formalin  solutions,  dusting 
the  everted  lid  with  iodoform,  and  the  daily  use  of  the  ointment 
of  the  yeUow  oxid  of  mercur)\ 

Second  Stage, — Measures  that  tend  to  restrict  the  growth  and 
extension  of  the  granulations  should  be  adopted.  Intense  in- 
flammation and  edema  of  the  conjunctiva  suggest  the  use  of  reme- 
dies that  are  astringent  rather  than  cauterant,  such  as  glycerite  of ' 
tannin  (gr.  Ix  to  5j)  and  boroglycerid  (40  percent.).  The  prepon- 
derance of  iibrous  rather  than  edematous  swelling  and  the  promi- 
nence of  the  granulations  indicate  local  applications  of  cr)*stals  of 
copper  sulphate  or  of  alum,  silver  nitrate  (gr.  ij  to  5j)i  and  tannic 
acid  and  iodin  (tannic  acid  gr.  Ix,  tincture  of  iodin  mx,  glycerin  Sj), 
or  operative  measures.    The  copper  is  applied  to  the  entire  sur- 
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face  of  the  palpebral  conjunctiva,  the  excess  washed  away,  and  the 
irritation  caused  by  the  remedy  relieved  by  cold  water.  Solutions 
of  bichlorid  of  mercur}',  i  :  1000,  have  been  recommended.  Cor- 
neal complications  require  atropin,  hot  compresses,  and  antiseptic 
washes.  Cocain  is  contraindicated  in  the  treatment  of  pannus. 
It  may  be  instilled  to  mitigate  the  pain  of  cauterants. 

Third  Stage. — The  same  local  treatment,  in  milder  form,  is  to 
be  continued,  supplemented  by  epilation  of  irritating  cilia,  cor- 
rection of  deformities  of  the  lids  by  operations  for  entropion  or 
ectropion,  and  widening  of  the  palpebral  fissure  by  canthoplasty. 
The  use  of  :v-rays  has  been  suggested,  but  the  results  are  as  yet 
uncertain.  Subjects  of  trachoma  are  susceptible  not  only  to  re- 
lapses but  also  to  other  forms  of  conjunctivitis  that  may  become 
grafted  upon  the  original  inflammation,  and  should  be  treated  ac- 
cordingly. 

Treatment  of  Pannus. — Energetic,  well-directed  treatment  of 
the  trachoma  has  a  favorable  influence  upon  the  corneal  com- 
plications, but  in  the  majority  of  cases  pannus  demands  special 
measures  for  its  relief.  The  usual  remedies  for  superficial  kera- 
titis, such  as  hot  bathing,  atropin,  and  the  frequent  use  of  anti- 
septic lotions,  will  hasten  the  healing.  Severing  the  blood-vessels 
that  pass  from  the  conjunctiva  to  the  cornea  (peritomy)  has  been 
performed. 

Some  years  ago  an  infusion  of  jequirity  (the  Brazilian  pater- 
noster bean,  15  grains  of  the  powdered  bean  to  i  ounce  of  water) 
w^as  employed  to  induce  a  purulent  conjunctivitis  amenable  to 
treatment.  With  the  subsidence  of  this  artificially  created  process, 
both  trachoma  and  pannus  were  found  to  have  been  ameliorated. 
The  treatment  was  sometimes  followed  by  violent  membranous 
conjunctivitis,  extensive  ulceration,  and  sloughing  of  the  cornea, 
and  in  isolated  instances  by  destruction  of  the  eye,  so  that  the 
use  of  the  remedy  was  generally  abandoned.  Recently  its  value 
in  inveterate  pannus  has  led  to  its  revival.  The  infusion  of  the 
powdered  bean  is  now  applied  to  the  tarsal  conjunctiva  in  weaker 
solutions  than  orif^inally  recommended.  The  powder  is  macerated 
for  twenty-four  hours  in  cold  water,  and  the  solution  freely  painted 
over  the  jnilpcbral  conjunctiva,  commencing  with  two  grains  of 
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the  powder  to  one  ounce  of  water,  increasing  the  strength  one 
grain  daily  until  a  slight  discharge  is  produced.  The  treatment 
is  then  interrupted  for  several  days,  and  is  resumed  when  the 
secretion  has  ceased  and  the  swelling  of  the  tarsal  conjunctiva 
is  lessened.  The  conjunctiva  becomes  accustomed  to  the  drug, 
and  after  several  applications  solutions  as  strong  as  lo  to  15  grains 
to  the  ounce  cause  only  shght  reaction.  In  a  few  cases  the  je- 
quirity  is  not  well  borne  and  must  be  discontinued.  The  contra- 
indications are  a  purulent  discharge  and  extensive  or  deep  corneal 
ulcers.  At  the  termination  of  the  second  or  commencement  of 
the  third  stage,  the  remedy  is  of  value  in  selected  cases  of  decided 
corneal  haze  and  great  vascularity.  Jequirity  acts,  according  to 
Romer,  by  inducing  leucocytic  thrombosis  of  the  fine  vessels  of 
the  conjunctiva  and  cornea.  This  action  explains  the  rapid 
disappearance  of  the  pannus. 

Operatiye  Treatment.— In  the  second  stage,  when  the  granu- 
lations stand  out  prominently  from  the  inflamed  conjunctiva, 
the  cure  is  hastened  by  operation.  This  includes  rolling,  scarifi- 
cation and  grattage,  and  electrolysis.  In  the  last-named  the  flat 
positive  electrode  is  gently  moved  over  the  surface,  the  current 
not  exceeding  2  milliamperes,  or  an  electrolytic  needle  may  be 
inserted  into  each  granulation. 

Expression  (Rolling  Operation). — The  operation  is  painful, 
and,  although  occupying  but  a  few  minutes,  a  general  anesthetic 
is  advisable  for  most  patients. 

The  upper  lid  is  everted,  exposing  fully  the  rctrotarsal  fold  (Fig. 
1 16).  The  eversion  is  maintained  by  the  thumb  and  first  finger  of 
the  left  hand  or  by  forceps.     One  arm  of  the  Knapp  roller  forceps 


Fig.  115. — Knapp's  Roller  Forceps. 

(Fig.  115)  is  thrust  deep  into  the  fornix  and  the  other  applied 
to  the  palpebral  conjunctiva.  With  gentle  but  firm  pressure  the 
forceps  are  slowly  drawn  forward  (downward  in  operating  upon 
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the  upper  lid),  crushing  each  granulation  and  expressing  ils 
contents-  The  conjunctiva  of  the  lower  hd  is  treated  similarly- 
Ever)^  part  of  the  conjunctival  surface  of  both  the  upper  and  lower 
lids  that  contains  the  granular  bodies  is  to  be  included  in  the 
operation,  the  manoeu%Te  l>eing  repeated  uniil  ihc  surfaces  of  the 
lids  have  been  changed  from  the  roughness  of  trachoma  to  the 
superficial  fluting  or  fine  grooving  made  by  the  forceps*    Care 


Flo.  t  j6,^Twz  Op^ratiok  or  Rolling  or  Expression. 

must  be  taken  that  the  cornea  is  not  wounded  by  the  under  roller 
of  the  forceps  and  that  the  conjunctiva  is  not  lacerated.  Violent 
and  unskilful  rolling  has  been  followed  by  marked  cicatricial  con- 
tractions of  the  lids  and  by  total  symblepharon.  Some  ca^s 
require  more  than  one  rolling  operation. 

After  the  operation,  the  blood  and  gelatinous  contents  of  the 
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graaulations  are  washed  away  and  the  conjunctiva  sopped  with 
a  solution  of  mercuric  chlorid,  i  to  500*  The  reaction  is  not 
severe,  and  is  easily  controlled  by  cold  compresses  applied  for 
twenty-four  hours.  For  several  days  subsequently  the  lids  are 
everted,  and  the  surface  of  the  conjunctiva  thoroughly  cleansed 
to  remove  the  film  of  gelatinous  exudate.  Later,  applications 
of  boroglycerid  (40  per  cental  glycerite  of  tannin,  or  the  sulphate 
of  copper  cr>*stal  are  indicated, 

Graiiage. — Under  ether  narcosis  the  lid  is  everted,  the  tracho- 
matous tissue  scarified^  and  the  surface  of  the  conjunctiva  vigor- 
ously scrubbed  with  a  toothbrush  dipped  in  a  solution  of  i  :  500 
bichloride  In  order  to  prevent  adhesions  the  conjunctiva  must 
be  daily  cleansed  of  exudation* 

Vernal  Conjunctivitis  (Spring  ConjuncitvitU;  Fruhjahr 
Cdtarrk), — This  type  of  conjunctivitis  commences  with  the  onset 
of  warm  weather  and  continues  until  late  in  the  falL  The  papillse 
of  the  tarsal  conjuncti^'a,  particularly  of  the  upper  lid,  are  red, 

thickened^  and  h>^r- 
trophied,  and  are  partly 
concealed  by  a  pale, 
milky  edema*  The  epi- 
thelium of  the  corneal 
border  is  also  infiltrated, 
much  swollen,  and  stands 
out  like  an  irregular  ring 
around  the  cornea. 

Etiology* — The  cause 
of  the  affection  is  un* 
known,  although  believed 
to  be  due  to  a  specific 
germ.  It  is  most  fre- 
quent between  the  ages 
of  six  and  sixteen  years,  and  occurs  in  those  who  are  apparently 
robust  and  free  from  disease.  Both  eyes  are  invariably  attacked, 
and  treatment  has  little  efifect.  It  is  probably  self -limited  and  after 
several  years  fails  to  recur 

Symptoms. — The   conjunctival   and   pericorneal  vessels   are 


Fig.    117.— Vfjinal  Conjunctivitis   showint. 
Pavement   Granulation^s  on    Upper    Lid, 

AND    NoDULlS    AT    THE    LlUBUS.^(Df.   Wm. 

Ztntm<jyer*s  coj^,) 
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injected,  a  ring  of  flattish  nodules  and  minute  ulcers  surrounds 
the  cornea,  and  the  corneal  border  of  the  limbus  is  slightly  hazy. 
The  color  of  the  palpebral  conjunctiva  is  peculiar  and  charac- 
teristic. It  is  not  the  usual  red  of  conjunctivitis,  but  a  pale,  soft, 
pink  color,  as  though  the  inflamed  tissue  was  veiled  by  lymph 
infiltration.  The  pale  color  of  the  conjunctival  surface  is  typical, 
and  has  the  appearance  of  having  been  painted  over  with  milk. 
Associated  with  the  above  changes,  or  as  a  separate  type  of  the 
affection,  is  the  appearance  on  the  conjunctival  surface  of  the 
upper  lid  of  a  mass  of  flat  granulations,  either  isolated  or  in  small 
groups  closely  packed  together.  The  arrangement  is  that  of 
paving-blocks,  and  the  masses  are  therefore  spoken  of  as  **  pave- 
ment" granulations  (Fig.  117).  They  are  lighter  in  color  and 
larger  and  more  regularly  arranged  than  those  of  trachoma. 
They  present  a  flattened  surface  and  a  narrow  base,  and  they  are 
usually  sej)arated  by  furrows. 

The  discharge  is  muco-purulent,  shreddy,  and  adheres  to 
both  surfaces  of  the  lids.  The  swollen  and  drooping  lids  are 
hot  and  dr\',  and  are  a  source  of  almost  unbearable  itching. 

Several  varieties  of  the  affection  are  described,  according  to 
the  location  of  the  principal  changes,  whether  at  the  limbus,  upon 
the  lids,  or  upon  the  ocular  conjunctiva. 

Diagnosis. — The  peculiar  history  of  recurrence,  the  period- 
icity, and  the  unique  character  of  the  lesions  are  sufficient  to  deter- 
mine the  diagnosis.  The  flattened,  tesselated  swelling  onthe 
tarsal  conjunctiva  is  entirely  dissimilar  from  the  prominent 
granulations  of  trachoma,  for  which  they  might  be  mistaken. 
Pannus  is  never  a  complication.  Permanent  structural  changes 
are  rare. 

Treatment. — Mild  washes  to  remove  the  discharge,  oint- 
ments to  prevent  gluing  of  the  lids,  applications  of  the  usual 
astringents,  and  massage  with  ichthyol  ointment  (2  per  cent.) 
are  useful.  The  internal  administration  of  arsenic  is  well  spoken 
of.  With  the  appearance  of  the  first  frost,  the  disease  commences 
to  ameliorate,  and  in  the  winter  season  the  patient  is  usually 
entirely  well.  Ex])ression,  as  performed  in  trachoma,  the  :v-rays, 
and  electrolysis  have  been  recommended. 
I.? 
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Pinguectila* — The  small,  yellowishj  irregularly  shaped  eleva- 
tion  on  the  conjunctiva,  often  found  2  or  3  mm.  from  the  limbus 
in  the  horizontal  meridian,  is  termed  pinguecula.  It  appears  on 
the  nasal  side  of  either  eye,  rarely  on  the  temporal,  and  is  common 
in  persons  past  forty  years  of  age.  It  is  never  found  in  children* 
Irritation  of  the  conjuncti%*a  from  dust  and  wind  is  the  most  fre- 
quent cause.  Microscopic  examination  of  a  pinguecula  shovi^s  it 
to  be  a  localized  increase  in  the  connective  tissue  of  the  conjunc- 
tiva, in  the  meshes  of  which  a  jelly-Hke  substance  is  collected. 
Ordinarily  no  treatment  is  indicated.  If,  however,  the  little 
tumors  show  a  tendency  to  increase  in  size,  they  may  be  removed 
by  excision  or  destroyed  by  the  actual  cauterv** 

Pterygitim  is  a  vascular  growth^  triangular  in  shape,  and 
develops  most  frequently  at  the  inner,  but  sometimes  at  the  outer, 
side  of  the  ball.  Pterygium  on  the  nasal  side  has  its  base  close 
to  the  caruncle  and  its  apex  at  the  limbus.  Unless  checked  it 
extends  horizontally  across  the  cornea.  It  is  partly  transparent 
and  loosely  adherent  to  the  underlying  tissue,  except  at  its  apex 
and  base.  Its  growth  is  extremely  slow.  It  is  common  among 
men  past  middle  age,  who  have  been  exposed  for  years  to  dust, 
-wind,  and  weather.    Women  are  practically  exempt. 

Sjmiptoias, — The  invasion  of  the  cornea  gives  rise  to  disturbed 
vision  from  astigmatism  and  opacities  in  the  pupillar}'  area.  The 
conjunctiva  is  subject  to  recurring  attacks  of  acute  inflammation. 

Pathology. — Microscopically  the  structure  of  the  pter)^gium 
is  shown  to  be  modified  epithelium,  connective  tissue,  fibrillEe  and 
cells,  with  numerous  large  and  small  blood-vessels  and  lymph 
channels*  Fuchs  believes  that  ptent^gium  originates  from  a 
Pinguecula  through  a  process  of  evolution,  but  Knapp  considers 
the  clinical  differences  of  the  two  affections,  particularly  the  pro- 
gressi%T  character  of  the  pter}-gium,  to  argue  against  this  opinion. 

A  form  of  pter>^gium,  known  as  pseudo- pterygium^  foUows 
injuries,  bums,  and  ulcers  of  the  cornea  near  its  scleral  junction. 
In  the  process  of  healing  the  adjacent  conjunctiva  is  drawn  into 
the  area  of  disease  or  injury^  and  becomes  attached  to  the  cornea. 
Such  pten^gia  have  no  tendency  lo  spread,  and  require  no  treat  - 
mcnt  except  for  cosmetic  reasons* 
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Treatment, — Early  o|3eration  is  advisable.  Three  methods 
are  worth)  of  consideration:  (i)  excbion,  (2)  transplantation ^  and 
(3)  ligation. 

Excision. — Pter\'gia  of  moderate  size  may  be  excised.  The 
operation  is  Bot  suitable  for  those  that  are  large  and  tieshy,  boeause 
of  their  proneness  to  recur< 

The  lateral  folds  of  the  growth  near  the  apex  are  picked  up 

with  the  forcep.^,  and  the  head  shaved  off  with  a  cataract  knife 
or  forcibly  detached  from  the  cornea  by  means  of  a  strabismus 
hook.    The  body  is  then  dissected  up  and  cut  off,  together  with 


Fig*  iiS.^The  Operatiok  of  Excision. 


the  underlying  conjunctiva  (as  shown  in  the  dotted  lines  on  the 
growth  in  Fig.  118).  The  diamond-shaped  opening  in  the  con- 
junctiva and  the  base  of  the  growth  are  brought  together  by 
sutures.  The  denuded  corneal  area  should  be  scraped  so  as  to 
leave  a  healthy  traumatic  ulcer*  An  important  part  of  the  opera- 
tion is  the  loosening  of  the  conjunctiva  at  the  limbus  both  above 
and  below  the  point  at  which  the  growth  was  attached  to  the  cornea, 
in  order  that  the  conjunctiva  shall  not  be  drawn  over  the  cornea 
as  the  wound  hcaR 

Trans pianla Hon. — This  operation,  suggested    by   Desmarresi 

is  adapted  to  large  pterygia. 
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lower  fornix,  beneath  the  conjunctiva.  His  method  of  detaching 
the  growth  is  that  previously  mentioned.  He  lays  particular 
stress  upon  the  thorough  removal  of  cornual  and  epf bulbar  attach- 
ments. He  excises  the  indurated  head  of  the  pterygium  and 
separates  the  upper  and  lower  borders  from  the  conjunctiva  as 
far  back  as  the  semilunar  fold. 

The  operation  leaves  a  large  open  wound  which  is  covered 
by  undermining  two  flaps  of  conjunctiva  and  stitching  them  in 
pkce,  or  by  the  use  of  Thiersch  grafts.  As  in  other  operations* 
care  must  be  taken  that  the  conjunctival  flaps  are  not  brought 
close  to  the  denuded  areas  of  the  cornea. 


Fig,  1 2 1.— The  Opeeatiok  op  Ligation, 


Reaction  is  controlled  by  cold  compresses  and  boric  acid 
douching.  Bandages  are  usually  unnecessary,  although  Knapp 
advises  that  both  eyes  be  covered  for  twenty-four  hours,  and  the 
eye  operated  upon  several  days  longer, 

Ligaiion. — The  ligature  recommended  by  Szokalski  fell  into 
disuse  because  of  the  danger  of  tenonitis,  but  antiseptic  methods 
have  restored  the  operation  to  favor. 

A  thread  containing  two  needles  is  taken,  one  needle  being 
passed  bt-neath  the  growth  close  to  the  cornea,  and  the  other 
about  4  mm.  from  its  base*  After  the  needles  have  been  cut 
off,  the  threads  at  the  two  extremities  are  firmly  tied,  constricting 
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the  growth  in  these  situations.  The  single  thread,  forming  the 
central  loop  beneath  the  main  body  of  the  growth,  is  tied  last. 
The  head  gradually  shrinks,  leaving  a  scar  only,  and  the  portions 
beneath  the  threads  become  necrosed.  In  the  illustration  (Fig. 
121 )  the  lighter  lines  represent  the  threads  ready  for  tying. 

Starkey  treats  small  pterygia,  not  encroaching  much  upon  the 
cornea  and  with  considerable  enlargement  of  blood-vessels,  by 
electrolysis,  and  claims  few^er  recurrences  than  by  operation. 

Results  of  Operation. — Large  pterygia  are  apt  to  recur, 
especially  if  .their  sites  have  not  been  well  covered  by  conjunctiva. 
The  secondary  growth  is  smaller  than  the  original  one,  and  usu- 
ally remains  stationary.  Occasionally  the  new  tissue  is  thick  and 
swollen,  interferes  with  the  movements  of  the  eye,  and  presents 
an  unsightly  appearance.  In  these  instances  complete  removal  of 
the  fleshy  mass  is  advisable,  and  the  implantation  of  Thiersch 
skin  grafts,  or,  preferably,  mucous  membrane  grafts  from  the 
inner  surface  of  the  lips,  as  described  under  the  treatment  of  large 
symblepharon,  page  253. 

Tuberculosis  of  the  conjunctiva  is  primary,  or  secondary  to 
the  tuberculosis  of  adjacent  or  distant  organs.  In  the  primary 
aflfection,  small  grayish  nodules  appear  on  the  palpebral  conjunc- 
tiva, or  between  the  cornea  and  external  canthus  on  the  bulbar 
conjunctiva.  When  secondary,  small  ulcerated  areas,  containing 
in  their  centers  minute  nodules  having  slightly  elevated  and  un- 
even edges,  mark  the  affection.  The  lymphatic  glands  of  the 
cervical  and  preauricular  regions  of  the  affected  side  are  enlarged. 

Clinically  the  symptoms  closely  resemble  those  of  epithelioma, 
trachoma,  or  syphilis  of  the  conjunctiva  in  their  early  stages. 
The  microscope  will  reveal  the  morbid  changes  of  tubercle, 
although  the  tubercle  bacillus  is  seldom  found.  The  diagnosis 
may  be  confirmed  by  inoculation  of  guinea-pigs. 

Early  excision  of  the  tubercle  mass  may,  in  the  primary 
form,  save  the  ball  and  prevent  infection  of  other  organs. 
Enucleation  should  be  performed  in  tuberculosis  of  the  uveal 
tract.  In  either  case  the  prognosis  is  unfavorable.  The 
local  treatment  should  be  combined  with  appropriate  constitu- 
tional remedies. 
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Lithiasis  Conjunctivitis. — Minute  collections  of  the  salts  of 
lime  are  deposited  at  the  mouths  of  the  Meibomian  ducts  or  on 
the  palpebral  conjunctiva,  and,  acting  as  foreign  bodies,  induce 
chronic  conjunctivitis.  They  are  indications  of  a  rheumatic  or 
gouty  diathesis,  and  are  not  infrequent  among  elderly  people. 
The  concretions  are  easily  removed  by  a  fine  needle.  Unless 
proper  attention  is  paid  to  the  underlying  diathesis,  they  will 
recur.  A  similar  form  of  chronic  conjunctivitis  attended  with 
the  deposit  in  the  conjunctiva  of  the  salts  of  lime  is  described 
by  Leber  as  Conjunctivitis  Petrificans.  The  treatment  is  identi- 
cal with  that  of  lithiasis  conjunctivitis. 

Ecchymosis  {Subconjunctival  Hemorrhage), — Extravasations 
of  blood  from  the  rupture  of  a  blood-vessel  may  follow  a  blow 
upon  the  eye,  paroxj'sms  of  coughing  or  straining,  violent  exertion, 
or  occur  during  the  progress  of  some  ocular  inflammation.  The 
blood  forms  a  clearly  defined  patch  of  uniform,  dark  red  color, 
most  marked  in  the  commissure,  where  the  blood  is  forced  by 
the  movement  of  the  lids  in  winking.  The  eye  is  entirely  free 
from  pain,  photophobia,  discharge,  or  lacrimation.  Spontaneous 
ecchymosis  in  persons  beyond  middle  life  may  be  the  first 
sign  of  serious  disturbance  of  the  vascular  system  or  of  kidney 
disease.  Treatment  is  of  little  service  in  hastening  the  absorption 
of  the  blood.  In  cases  of  spontaneous  ecchvTnosis,  the  blood  and 
urine  should  be  examined. 

Emphysema  of  the  Conjunctiva  follows,  as  in  emphysema 
of  the  lids,  fracture  of  the  orbital  bones.  Air  enters  the  loose 
connective  tissue  of  the  conjunctiva,  giving  rise  to  distention  of 
the  membrane.  It  soon  disappears  with  the  use  of  a  pressure 
bandage.  The  patient  should  be  directed  not  to  forcibly  blow 
the  nose,  and  he  should  avoid  sneezing  and  straining. 

Edema  (Chentosis). — The  connective  tissue  that  loosely  binds 
the  conjunctiva  to  the  capsule  of  Tenon  and  to  the  sclera  becomes 
infiltrated  with  serum  as  the  result  of  blows  upon  the  neighboring 
parts  of  the  face,  operations  upon  the  eyeball  or  orbit,  the  exhibi- 
tion of  certain  drugs,  as  potassium  iodid,  or  from  rhus  poisoning. 
It  is  common  in  serious  diseases  of  the  uveal  tract,  and  is  an  indi- 
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cation,  in  some  cases,  of  interference  with  the  circulation  from 
the  pressure  of  intracranial  tumors. 

Angioneurotic  edema  is  the  subconjunctival  infiltration  that 
results  from  altered  function  of  the  nerves  supplying  the  con- 
junctival vessels.  A  moderate  effusion  below  the  lower  lid 
is  common  in  old  persons,  in  whom  it  has  no  pathologic  sig- 
nificance. 

Argyria  is  the  brownish  or  bluish  discoloration  of  the  con- 
junctiva due  to  the  deposit  under  the  epithelium  of  the  salts  of 
silver,  derived  from  their  prolonged  use  as  applications.  The 
stain  is  permanent. 

Syphilis. — ^The  conjunctiva  is  rarely  affected  in  syphilis,  al- 
though it  may  be  the  seat  of  the  primarj',  secondar>',  or  tertiary- 
manifestations.  Chancre  invades  the  mucous  membrane  when 
the  affection  is  at  the  edge  of  the  lid.  From  this  point  the  ulcer 
spreads  in  both  skin  and  conjunctiva,  until  a  deep  excavation 
with  a  round  base  and  abrupt  sides  has  formed.  The  enlarge- 
ment of  the  preauricular  and  submaxillar)'  glands  on  the  same 
side  materially  aids  the  determination  of  the  diagnosis.  Gumma 
appears  at  the  close  of  the  second  or  in  the  course  of  the  third 
stage. 

Syphilis  of  the  conjunctiva  presents  the  same  characteristics 
as  syphilis  of  other  mucous  membranes,  and  is  amenable  to  the 
same  treatment.  The  prognosis  is  favorable  if  treatment  is 
instituted  before  the  disease  has  caused  serious  injur)-  to  the 
eyeball  or  lids. 

Lymphomatous  Conjunctivitis  {Parinmid's  Conjuncti- 
vitis),— This  disease  is  characterized  by  rapid  swelling  of  the 
lids,  muco-purulent  discharge,  and  the  formation  of  large  round 
or  polypoid  granulations,  separated  by  small  ulcers,  on  the  re- 
trotarsal  folds.  Associated  with  the  inflammation,  and  in  rare 
cases  preceding  it,  are  tenderness,  swelling,  and  suppuration  of 
the  lymphatic  glands  of  the  neck  and  face  of  the  affected  side. 

The  disease  is  invariably  one-sided,  apparently  not  contagious, 
and  undergoes  a  spontaneous  cure  in  the  course  of  a  few  months. 
The  cornea  is  rarely  affected,  and  the  objective  symptoms  arc 
comparatively  slight.     It  may  be  mistaken  for  trachoma  or  for 
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tubercular  conjunctivitis.  Local  remedies  seem  to  have  little 
beneficial  action.  Change  of  climate  and  alteratives  are  indi- 
cated. 

Pemphigus. — Numerous  vesicles  about  the  size  of  millet-seed 
form  on  the  conjunctival  surface,  which  rupture  and  leave  minute 
ulcers.  The  infiltration  and  degeneration  of  the  epithelium  is 
repeated  until  the  entire  membrane  becomes  cicatrized  and  greatly 
contracted.  In  the  final  stages  the  cul-de-sacs  become  obliterated 
and  the  eyeball  limited  in  its  movements.  The  anterior  layers 
of  the  cornea  are  early  involved,  with  corresponding  deterioration 
of  vision.  The  disease  terminates  in  absolute  blindness  and 
atrophy  of  the  ball.  Little  can  be  done  to  retard  the  advance 
of  the  disease.  Local  irritation  may  be  relieved  by  soothing 
ointments.    Arsenic  internally  has  been  recommended. 

Xerosis  Conjunctivitis  (Atrophy  0}  the  Conjunctiva — Xeroph- 
thalmia) is  a  chronic  inflammation  in  which  the  conjunctiva  loses 
its  luster,  is  dr}*,  contracted,  and  undergoes  atrophy.  The  for- 
nices  are  obliterated,  the  lids  deformed  and  united  to  the  ball  by 
cicatricial  bands  of  shrunken  conjunctiva.  It  is  the  result  of 
trachoma,  pemphigus,  and  other  diseases  attended  with  structural 
alterations. 

A  second  form  of  xerosis,  occurring  in  epidemics,  has  been 
ascribed  to  the  presence  of  the  bacillus  xerosis.  It  is  associated 
with  night  blindness  and  other  signs  of  nerve  and  retinal  j)articipa- 
lion. 

Amyloid  Disease. — In  this  afl'ection,  which  is  rare  in  the 
United  States,  yellow,  translucent  masses  appear  on  the  palpebral 
conjunctiva,  usually  at  the  retrotarsal  folds.  The  masses  con- 
sist of  lymphoid  cells  which  have  undergone  hyaline  and  amyloid 
degeneration.  If  subjected  to  the  action  of  iodin,  they  show  the 
starch  reaction.  Their  growth  is  slow.  Treatment  consists  in 
complete  removal. 

Lymphangiectasis. — Minute,  transparent  vesicles,  freely  mov- 
able under  the  conjunctiva,  may  develoj)  during  the  i)rogrcss 
of  chronic  conjunctivitis.  They  arc  more  common  in  children 
than  in  adults,  and  are  probably  due  to  distention  of  the  lymph 
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chaiinelsj  the  fluid  gathering  in  the  form  of  cysts.    If  the  vesicles 
do  not  spontaneously  disappear  they  may  be  excised. 

Affections  of  the  caruncle  and  semilunar  folds  comprise 
hyperlrfjphy  {encanihus)i  tumon>,  calcareous  deposits,  and  trau- 
matisms. 

Injuries  of  the  conjunctiva  from  bums,  entrance  of  foreign 

bodietf,  punctures  and  other  wounds  are  described  on  page  250- 

Tumors.— The  benign  new  growths,  originating  in,  and  con* 

fining  themselves  to,  the   conjunctiva,    arc  polyp,  papilloma  or 

fibroma,  granulation,  and  dermoid  cyst, 

A  polyp  consists  of  loose  connective  tissue  covered  with  hyper- 
trophied  mucous  membrane-  It  is  oval,  small  and  soft,  attached  to 
the  conjunctiva  by  a  narrow  base,  and  movable*  It  should  be 
excised,  and  its  site  cauterized  by  silver  nitrate  or  copper  sulphate* 
A  papilloma  is  a  comparatively  large,  cauliflower-shaped 
growth  springing  by  a  narrow  pedicle  from  any  part  of  the  con- 
junctiva, but  most  frequently  from  the  fornix  or  the  semilunar 
fold.  It  is  painless  in  itself,  but  gives  rise  to  the  sensation  of  a 
foreign  body.  Unlike  an  epithelioma,  for  which  it  may  be  mis- 
taken in  its  early  stages,  its  extension  is  outside  of  the  conjunctiva 
and  not  an  infiltration  through  it.     It  is  relieved  by  excision. 

Ophthalmia  nodosa  is  small  tumors  due  to  the  irritation  of 
the  conjunctiva  by  the  iiairs  of  certain  kinds  of  caterpillars*    The 

nodules  should  be  excised* 
A  granulation  resem- 
bles a  polyp  in  appear- 
ance- 1 1  is  a  soft,  vascu- 
lar tumor  that  grows  from 
the  cut  edges  of  the  con* 
junctiva  after  tenotomy 
or  enucleation.  Unless  it 
disappears  by  absorption 
it  should  be  cut  off  and 
its  site  cauterized. 

Cysts.  —  A  dermoid 
tumor  Is  a  congenital  cyst,  usually  on  the  temporal  side  of  the  con- 
junctiva, and  presents  the  cliaracteristics  of  dermoids  in  other 
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parts  of  the  body.  It  has  a  smooth  surface,  is  round,  and  contains 
a  yellow  fluid  and  a  few  fine  hairs.  It  is  of  slow  growth  and  does 
not  recur  after  removal  by  careful  dissection. 

Cjrsticercus  cysts  have  grayish,  opaque  walls,  and  are  movable 
under  the  conjunctiva.  The  worm  shows  its  presence  by  a  dense 
white  spot  on  the  anterior  wall.    It  is  extremely  rare  in  America. 

Angioma  is  a  vascular  cyst  of  the  conjunctiva.  It  is  usually 
congenital. 

Malignant  growths  include  carcinoma  and  sarcoma.  They 
originate  at  the  comeo-scleral  border  or  invade  the  conjunctiva 
from  adjacent  structures.  In  their  beginning  they  are  super- 
ficial and  localized.  They  should  be  removed  at  the  earliest 
possible  moment.  If  the  sclera,  cornea,  or  uveal  tract  is  affected, 
the  ball  should  be  enucleated. 

Lupus  and  lepra  invade  the  conjunctiva  by  extension  from 
the  lids. 

Diseases  of  the  Sclera. 

Anatomy. — The  sclera  is  a  dense,  tough,  fibrous  membrane,  com- 
prising, with  the  cornea,  the  external  coat  of  the  eyeball.  The  fibrous 
tissue  is  arranged  in  bundles  and  forms  a  network,  capable  of  resisting 
considerable  violence.  Among  the  bundles  are  lymj>h  spaces  connected 
externally  with  Tenon's  space  by  means  of  fine  channels.  The  sclera 
is  thickest  in  the  neighl)orhood  of  the  entrance  of  the  optic  nerve,  where 
it  measures  about  i  mm.  Its  thinnest  section  is  just  behind  the  in.ser- 
tion  of  the  recti  tendons,  where  it  is  0.4  mm.  Anterior  to  the  tendons  it 
is  reinforced  by  fibers  from  them,  and  acquires  a  thickness  of  0.6  mm. 

Into  the  anterior  section  of  the  sclera  is  set  the  cornea,  a  membrane 
that  closely  resembles  the  sclera  histologically,  differing  principally  in 
its  trans{)arency  and  in  the  regular  arrangement  of  its  comiK)nent  fibers. 
The  two  membranes  have  no  distinct  well-marked  line  of  union.  The 
limbus  cornea  or  limhus  sclera  is  the  name  given  to  their  line  of  amalga- 
mation, the  sclera  slightly  overlapping  the  cornea  on  the  anterior 
surface. 

The  foramen  sclera  is  the  opening,  about  3  mm.  to  the  nasal  side  of 
the  j)oslcrior  pole,  f(^r  the  passage  of  the  fibers  of  the  optic  nerve.  The 
floor  of  the  opening  is  {)artly  covered  by  condensed  neurilemma  or 
neuroglia,  or  l»y  fibrous  bands  from  the  sclera  coming  from  the  margins. 
The  sclera  at  this  point  is  fortified  by  the  dura  mater,  or  external  coat  of 
the  optic  nerve.  It  is  i)erf orated  j)osteriorly  by  the  four  venx*  vorticosa; 
which  emerge  at  nearly  ccjual  distances  from  the  {)osterior  pole.  It  is  also 
{)erforatcfi  by  the  posterior  ciliary  arteries  and  nerves  as  they  pass  into 
the  ball  in  a  circle  around  the  optic  nerve,  and  by  the  anterior  vessels. 
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Inflammation  of  the  sclera  is  of  local  origin,  a  complication 
of  intercurrent  diseases  of  the  eye,  or  a  manifestation  of  a  general 
dyscrasia.  The  most  common  causes  of  scleritis  are  the  uric  acid 
diathesis,  sjrphilis,  and  injuries. 

Episcleritis. — In  the  superficial  layers  of  the  sclera,  and  in 
the  suprascleral  space  underlying  Tenon's  capsule,  are  deposited 
numerous  round  cells  and  fibrinous  exudation.  They  give  rise 
to  a  localized  swelling,  round  or  oval  in  shape,  situated  usually 
on  the  temporal  side  and  several  millimeters  from  the  corneal 
border.  The  swelling  is  circumscribed,  violet  or  dark  red  in 
color,  painful  and  sensitive  to  the  touch.  It  is  accompanied  by 
edema  of  the  adjacent  conjunctiva  and  injection  of  the  subcon- 
junctival and  scleral  vessels.  There  is  no  discharge  of  mucus 
or  pus.  The  patient  complains  of  dull  pain,  photophobia,  lac- 
rimation,  and  inability  for  sustained  close  work.  The  cornea 
and  iris  remain  free  from  involvement,  the  vitreous  clear  and  the 
fundus  healthy,  until  the  disease  has  become  chronic.  The  attack 
comes  on  acutely,  usually  developing  in  a  few  hours,  and  under 
treatment  subsides  in  a  few  days.     It  is  liable  to  recur. 

Treatment. — Since  the  majority  of  cases  of  scleritis  occur 
in  rheumatic  and  gouty  patients,  the  remedies  that  have  the  greatest 
influence  on  the  lithemic  diathesis  arc  indicated.  An  attack  may 
be  readily  controlled  by  the  administration  of  salicylate  of  sodium, 
15  grains  four  times  daily  for  three  or  four  days,  combined  with 
the  application  of  drj'  heat  by  means  of  the  hot  water-bag  or  hot 
flannels  to  the  eye.  After  several  recurrences  the  salicylates 
seem  to  lose  their  effect,  and  resort  must  be  had  to  the  other  an- 
tirheumatic remedies,  such  as  colchicum,  phosphate  of  sodium, 
potassium  iodid,  and  other  salines.  A  tropin  is  seldom  necessary. 
Subconjunctival  injections  of  salt  solution  are  of  value. 

Scleritis. — The  sclera  becomes  the  seat  of  a  chronic  inflam- 
matory process,  by  which  cells  are  deposited  in  its  tissue  and  the 
scleral  fibers  crowded  and  partly  destroyed.  The  deposit  is  not 
limited  to  the  superficial  layers  but  penetrates  the  membrane 
in  its  entire  thickness,  leading  eventually  to  permanent  changes 
in  curvature  and  power  of  resistance.  As  in  episcleritis,  the  in- 
flammation may  be  limited  to  a  section  of  the  anterior  sclera,  or, 
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more  commonly,  includes  the  whole  visible  membrane  extending 
back  as  far  as  the  fornix  and  for\vard  to  the  cornea.  Swelling 
in  the  first  stage  is  not  pronounced,  but  after  a  number  of  relapses 
and  attenuation  of  the  sclera,  one  or  more  circumscribed  anterior 
or  ciliar}'  staphylomata  develop  that  may  finally  become  merged 
into  one,  giving  to  the  eye  the  appearance  of  buphthalmos.  The 
inflamed  area  is  violet  and  dark  red  in  color,  sensitive  to  the  touch, 
and  covered  by  edematous  conjunctiva.  The  patient  complains 
of  dull  pain,  more  or  less  constant,  and  aggravated  by  all  move- 
ments of  the  ball,  by  light,  and  by  use.  Inflammation  of  the  iris 
and  ciliarj'  body  are  frequent  complications.  In  old  cases  pos- 
terior synechia*  are  present,  and  the  vitreous  contains  floating 
opacities.  At  first,  vision  is  not  affected,  and  becomes  seriously 
impaired  only  when  the  cornea  and  uveal  tract  are  involved. 

Treatment. — The  first  and  second  attacks  will  be  greatly 
benefited  or  entirely  relieved  by  the  sodium  salicylate  treatment, 
but  after  numerous  recurrences  the  effect  of  internal  medication 
is  uncertain.  After  some  months  or  years  the  disease  fails  to 
recur.  The  bath  treatment,  as  carried  out  in  the  heaUh  resorts 
of  the  United  States  or  Europe,  should  be  tried,  or,  when  the 
opportunity  for  this  expensive  method  fails,  similar  treatment 
carried  out  at  home  may  be  an  efiicient  substitute.  The  patient 
is  given  a  hot  bath,  temperature  105°  F.,  for  twenty  minutes,  and 
while  in  the  bath  drinks  a  cup  of  hot  tea.  He  is  then  wrapped 
in  blankets,  put  to  bed,  and  receives  a  hypodermic  injection  of 
pilocarpin  nitrate,  gr.  J.  The  sweating  should  be  encouraged 
by  hot  bottles,  and  continued  for  one  or  two  hours.  The  patient 
should  keep  his  bed  until  the  following  day,  when  he  may  get  up 
and  exercise  around  his  room.  During  the  treatment,  which 
should  be  re])eated  daily  for  two  or  three  weeks,  the  pulse  must 
be  watched,  and  any  indication  of  exhaustion  met  by  the  hypo- 
<lerniic  injection  of  strychnin. 

The  local  treatment  consists  of  dry  heat  and  the  instillation 
of  atroj)in.  Frecjuent  superficial  cauterization  to  the  different 
sections  of  the  inllanied  sclera  is  a  valuable  topical  remedy.  The 
conjunctiva  should  be  made  anesthetic  with  cocain  and  the  cautery 
apj)lied  for  an  instant.     There  is  no  ])ain  and  no  reaction.     The 
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improvement  seems  to  be  the  result  of  the  large  number  of  super- 
ficial cicatrices  which,  by  their  contraction,  effectually  reduce  the 
area  of  the  swelling  and  the  caliber  of  the  distended  vessels. 

Relapsing  Episcleritis  (Fugaceous  Periodic  Episcleritis), — 
Gouty  individuals  and  those  who  pay  little  attention  to  the  rules 
of  hygiene  in  the  matter  of  food  and  drink  are  susceptible  to  re- 
curring and  fleeting  attacks  of  episcleritis.  The  attacks  continue 
a  few  days  and  recur  several  times  within  a  year.  The  symptoms 
and  treatment  are  those  of  episcleritis  already  described. 

Anterior  Scleral  Staphyloma  {Ectasia). — Owing  to  increased 
intraocular  tension  or  a  weakening  of  the  sclera  that  makes  it  in- 
capable of  retaining  its  shape  even  in  the  presence  of  normal 
tension,  one  or  more  swellings  appear,  adjacent  to  and  involving 
the  cornea,  or  removed  several  millimeters  posterior  to  the  limbus. 
The  origin  of  the  swelling  may  be  chronic  scleritis  or  traumatism. 
The  part  becomes  discolored  on  account  of  the  choroidal  pigment, 
which  shows  through  the  thinned  membrane.  The  staphyloma 
is  not  sensitive  to  the  touch,  but  interferes  with  the  function  of 
the  eye,  and  frequently  diminishes  vision  through  change  in  re- 
fraction or  opacities  in  the  rfiedia.  The  tendency  to  increase  in 
size  and  to  form  a  large  ciliary  staphyloma  is  marked.  If  due 
to  traumatism,  loss  of  vision  is  usually  complete. 

Medical  treatment,  local  and  constitutional,  has  no  influence; 
the  only  resource  is  surgery.  Frequent  application  of  the  electric 
cauterj''  may  prove  of  benefit,  but  the  quickest  and  surest  method 
is  excision  of  the  most  prominent  part  of  the  staphyloma,  and 
suturing  the  edges,  passing  the  sutures  through  the  entire  thick- 
ness of  the  sclera,  following  by  antiseptic  pressure  bandages. 

Tumors. — Neoplasms  originating  in  the  sclera  are  rare.  The 
membrane  becomes  involved  by  extension  of  malignant  intra- 
ocular or  intraorbital  growths.  Fibroma,  osteoma,  and  sarcoma 
have  been  observed,  the  latter  particularly  in  the  negro. 

Congenital  pigmentation  of  the  sclera  is  common  among 
the  African  and  other  dark-skinned  races.  The  patches  of  dis- 
coloration  are   isolated   or  diffuse. 

The  sclera  is  exposed  to  wounds,  rupture,'and  penetration  by 
foreign  bodies.     (See  chapter  ix.) 


CHAPTER  VII. 
DISEASES  OF  THE  CORNEA. 

Anatomy. — The  cornea  occupies  the  center  of  the  anterior  portion 
of  the  eyeball.     Its  form  is  slightly  elliptical,  the  vertical  diameter 
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Fig.  123. — \'ertical  Section  of  Human  Cornea.     X  100. — {Stohr,) 


mea.suring  11  mm.  and  the  horizontal  neariy  12  mm.  The  cur\*e  of 
its  anterior  surface  is  not  a  perfect  sphere,  the  vertical  radius  being 
slightly  less  than  the  horizontal.  The  posterior  surface  corresponds 
closely  to  a  perfect  sphere.  The  difference  in  the  curvature  of  the  two 
surfaces  resuhs  in  an  increase  in  the  thickness  of  the  membrane  at  the 
periphery. 
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The  cornea  is  of  about  the  same  transparency  as  glass.  It  becomes 
opaque  by  inflammatory  processes,  either  by  the  deposit  within  its  sub- 
stance of  new  cells  or  by  new  fibrous  material  replacing  the  lost  normal 
tissue.  The  cornea  is  a  dense  fibrous  structure,  a  continuation  of  the 
sclera,  and  is  made  up  of  the  same  histologic  elements,  but  differing 
both  in  the  arrangement  of  the  fibrous  network  and  in  the  character  of 
the  cells.  A  vertical  section  of  the  cornea  shows  it  to  consist  of  five 
layers. 

1.  Anterior  columnar  epithelium. 

2.  Anterior  elastic  membrane  (Bowman's  membrane). 

3.  Substantia  propria,  or  true  corneal  tissue. 

4.  Posterior  elastic  membrane  (Descemet's  membrane). 

5.  Posterior  pavement  endothelium. 

The  anterior  ei)ithclial  layer  is  a  continuation  of  the  epithelial  layer 
of  the  conjunctiva,  and  is  thickest  at  the  periphery  and  thinnest  at  the 
center  of  the  cornea. 

The  anterior  limiting  layer,  or  Bowman's  membrane,  is  a  delicate 
homogeneous  structure  firmly  attached  to  the  true  corneal  fibers. 

The  substantia  propria,  or  true  cornea,  occupies  the  bulk  of  the 
cornea.  It  is  composed  of  a  network  of  fibrous  bundles,  arranged  in 
nearly  regular  lamellae.  Between  the  lamellae  are  special  cells,  the 
cornea  corpuscles,  which  are  united  by  regular  processes  and  lie  in  open 
spaces  in  the  fibrous  stroma.  These  spaces  or  canals  extend  through 
the  corneal  structure,  and  often  contain  leucocytes. 

The  posterior  limiting  membrane,  or  membrane  of  Descemet,  is 
transparent,  homogeneous,  and  elastic.  At  the  angle  of  the  anterior 
chamber,  membranous  fibers  run  from  it  to  help  to  form  the  pectinate 
ligament  of  the  iris. 

The  endothelium,  composed  of  a  single  layer  of  nucleated  flat  cells, 
is  continuous  with  and  forms  part  of  the  lining  membrane  of  the  anterior 
chamber.  In  connection  with  the  posterior  elastic  membrane  it  forms 
a  barrier  to  the  passage  of  the  aqueous  fluid  into  the  corneal  tissue. 

The  corneal  nerves  are  the  terminal  branches  of  the  long  ciliar}'. 
They  are  arranged  in  a  plexus  around  the  limbus,  whence  they  enter  the 
cornea,  and  are  abundantly  distributed  to  the  stroma  immediately 
beneath  Bowman's  membrane. 

The  blood-supply  is  likewise  abundant,  although  the  healthy  cornea 
is  entirely  free  from  blood-vessels.  Numerous  fine  twigs  are  given  off 
from  the  anterior  ciliar>'  arteries  just  before  they  perforate  the  sclera. 
A  network  is  formed  around  the  limbus  from  which,  in  superficial  in- 
flammation of  the  cornea,  new  vessels  spring  and  run  across  and  into 
the  membrane. 

Congenital  ASections.— Dermoid  cysts  arc  attached  both 
to  the  conjunctiva  and  the  cornea,  usually  on  the  temporal  side 
of  the  limbus.  (See  page  202.)  Their  average  size  is  that  of  an 
almond,  but  if  not  removed  they  attain  greater  volume.     The 
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cyst  wall  is  the  color  of  skin,  opaque  and  tough,  and  incloses 
imperfectly  formed  hairs.  The  cornea  may  be  staphylomatous. 
The  cyst  should  be  removed  by  careful  dissection.  Opacities, 
the  result  of  intrauterine  inflammation  or  imperfect  development, 
may  be  dense  white  and  circumscribed  or  hazy  and  diffuse. 
Severe  intrauterine  disease  leads  to  anterior  staphyloma,  in  which 
both  the  cornea  and  ciliary  region  of  the  sclera  are  included. 

Other  congenital  anomalies  involving  the  cornea  are  microph- 
thalmos, in  which  all  the  diameters  of  the  ball  are  abnormally 
short;  megalophthalmos,  a  pathologic  increase  in  the  size  of  the 
globe,  and  sclerophthalmos,  in  which  there  is  an  encroachment  of 
the  sclera  into  the  cornea.  Malignant  growths  are  considered 
under  tumors  of  the  conjunctiva. 

Corneal  Inflammation  {Keratitis). — The  objective  symptoms 
of  inflammation  of  the  cornea  vary  according  to  the  acuteness  or 
chronicily  of  the  affection,  the  nature  of  the  local  or  constitutional 
cause,  and  the  physical  condition  of  the  individual.  They  con- 
sist of  pericorneal  injection  (see  page  159),  loss  of  transparency 
of  the  cornea,  changes  in  its  form,  deposition  of  new  products 
under  the  epithelium  or  in  the  deep  layers,  the  formation  of  vessels 
on  its  surface  or  in  its  depth,  and  ulceration  or  sloughing.  The 
injection  is  deep  red  in  color,  and  presents  a  uniform  zone  surround- 
ing the  cornea.  The  vessels,  unUke  those  in  conjunctivitis,  do 
not  change  their  position  with  movements  of  the  conjunctiva. 
The  subjective  symptoms  are  impaired  vision,  lacrimation,  photo- 
phobia, blepharospasm,  ocular  pain,  and  migraine. 

Ulceration  of  the  Cornea.— All  forms  of  ulceration  exhibit, 
in  addition  to  the  signs  and  symptoms  of  keratitis,  rupture  of 
conlinuily  and  opacity.  The  majority  are  complicated  by  conjimc- 
tivitis  and  iritis.  Ulcers  may  recover  entirely,  leaving  no  trace,  or 
lead  to  total  destruction  of  the  cornea. 

Varieties. — Ulcers  are  primar}'  or  secondary,  and  are  classi- 
fied etiologically  into  (i)  simple,  (2)  injected,  and  (3)  constitutional, 
anatomically  into  superficial  and  deep,  and  into  vascular  and 
non- vascular. 

I.  Simple  Ulcer. — The  cornea  at  the  site  of  the  disease  is 
denuded  of  its  epithelium,  presents  an  irregular  broken  surface, 
14 
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and  readily  stains  with  fluorescin.  The  inScrmpted  corneal 
curvature  can  be  well  demonstrated  by  the  distorted  reflection  of 
window 'bars,  or  readily  seen  by  oblique  illumination.  The  floor 
of  the  ulcer  is  at  first  clear,  but  soon  becomes  covered  by  a  gra3rist 
film*  Should  the  ulcer  become  infected,  either  from  the  bacteria^ 
of  the  conjunctival  sac  or  from  other  sources,  the  surrounding 
cornea  loses  its  transparency  by  grayish-white  radiating  lines  of 
infiltration.  The  ulcer  becomes  broader  by  peripheral  extension, 
deeper  by  destruction  of  the  corneal  stroma,  and  its  flexor  assumes 
a  yellowish  tint  from  the  presence  of  pas.  Hypopyon,  a  collection 
of  material  resembUng  pus  in  the  anterior  chamber,  indicate 
advance  of  the  morbid  process.  In  those  ulcers  which  progress ' 
toward  recover)*  the  new  tissue  is  deposited  uniil  the  floor  has 
reached  the  level  of  the  adjoim'ng  healthy  cornea. 

Causes. — The  common  causes  are  the  lodgment  of  a  foreign 
body,  inverted  eyelashes,  and  erosions  of  the  cornea  from  trau- 
matism. The  ulcer  may  also  be  due  to  lowered  general  nutrition, 
particularly  in  children  of  strumous  diathesis,  and  is  frequently 
associated  with  disease  of  the  nasopharynx.  Intestinal  irritation, 
particularly  that  induced  by  the  presence  of  parasites,  and  carious 
teeth  are  liable  to  produce  corneal  ulceration. 

TreaimenL — Hot-water  bathing  of  the  eyes,  insufflation  of 
iodoform,  yellow  oxid  of  mercury*  ointment,  protection  of  the 
eyes  from  light,  and  an  antiseptic  wash  will  be  sufficient  for  most 
cases.  Should  local  anesthesia  be  advisable,  i  per  cent,  holocain 
solution  may  be  instilled  several  times.  Cocain,  because  of  its 
quality  of  denuding  the  cornea  of  its  epithelium,  is  contrain- 
dicated.  Infection  of  the  ulcer  is  to  be  treated  as  described  under 
purulent  ulcers. 

2.  Infected  Ulcer. — This  form  of  corneal  disease  may  be 
limited  to  the  superficial  layers  or  invade  the  deeper  stroma* 
The  iris  and  ciliary  body  are  secondarily  inflamed. 

Infected  ulcers  may  be  clinically  subdivided  into;  (a)  purulent 
or  deep  ulcer,  and  (b)  infecting  or  sloughing  ulcer, 

(a)  Purulent  or  deep  uker.  The  disease  is  primary,  following 
infection  conveyed  by  a  foreign  body  or  derived  from  other  external 
source,  and  secondary  from  pre-existing  contiguous  inflammation- 
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Infection  of  the  simple  ulcer,  by  which  the  healing  process  is  pre- 
vented or  interrupted,  is  an  example  of  the  primary  form;  purulent 
ulcer  consecutive  to  gonorrheal  conjunctivitis  is  an  example  of 
the  secondary  form.  The  ulcerated  area  presents  a  yellow  base, 
surrounded  by  an  opaque  zone  of  infiltration,  and  has  a  tendency 
to  increase  in  depth  and  but  slightly  in  width. 

(b)  Infecting  or  sloughing  ulcer  differs  from  the  deep  ulcer 
in  the  virulence  of  the  infection,  the  frequent  presence  of  the 
pneumococcus  in  great  numbers,  the  complication  of  hypopyon, 
and  the  tencfency  to  involve  the  entire  cornea  in  the  necrotic 
process.  Infecting  ulcer  may  arise  from  trivial  injuries  or  spon- 
taneously as  an  expression  of  impoverished  nutrition.  The  ulcer 
usually  begins  at  the  periphery,  although  it  may  have  its  inception 
in  the  center  of  the  cornea.  It  rapidly  spreads  both  laterally  and 
posteriorly,  is  accompanied  almost  from  the  beginning  with 
hypopyon  and  iritis,  and  frequently  perforates,  terminating  in 
extensive  anterior  synechiae. 

The  most  virulent  of  sloughing  ulcers  is  the  serpiginous  ulcer 
(the  ulcer  of  Saemisch),  which,  in  its  typical  form,  contains  the 
pneumococcus  either  alone  or  in  conjunction  with  other  micro- 
organisms, particularly  the  streptococcus.  The  ulcer  steadily  in- 
vades the  healthy  cornea  by  purulent  infiltration,  and  is  usually 
confined  to  one  portion  of  the  surface  until  a  circular  area  is  deeply 
ulcerated.  The  floor  is  gray  or  yellow,  and  the  sides  abrupt  and 
surrounded  by  hazy  cornea.  The  symptoms  are  severe,  and 
hypopyon  and  iritis  are  present.  The  usual  termination  is  per- 
foration and  sloughing  of  the  cornea,  with  escape  of  the  intraocu- 
lar contents.     The  disease  affects  adults  almost  exclusively. 

Allied  to  serpiginous  ulcer  is  the  crescentic  ulcer.  The  cornea 
at  the  periphery  is  infiltrated  by  exudation  at  several  points, 
which  later  coalesce.  In  a  few  hours  the  epithelium  is  cast  off, 
and  an  ulcer  remains  filled  with  necrosed  corneal  tissue.  The 
process  extends  around  the  limbus  until  one-third  or  one-half  is 
involved,  and,  unless  the  ulcer  yields  to  treatment,  the  entire 
cornea  is  destroyed.  It  pursues  a  chronic  stubborn  course,  is 
not  attended  by  severe  pain  or  photophobia,  and  rarely  commences 
to  heal  until  after  perforation. 
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Bacteriology- — Cultures  made  from  pus  taken  from  the 
usual  type  of  purulent  or  sloughing  ulcers  of  the  comea  show 
the  presence  of  the  staphylococci^  the  streptococcij  or  a  mixed 
infection*  In  a  few  instances  the  spores  of  the  aspergillus  fumi- 
gatus  arc  found.  In  the  typical  serpiginous  or  spreading  ulcer 
the  pneumococcus  is  usually  found  in  great  numbers,  often  in 
nearly  pure  culture.     Since  the  pneumococcus  is  frequently  present 
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Fio,   124,— Sx-OUGBIKG   Ulcer  OF  THE  Cornea    with   Hyfopyon.— (Fr<?»t  a 
pniieni  in  tfte  Jefferson  Hospital.) 


in  the  healthy  conjunctival  and  lacrimal  sacs^  the  source  of  infection 
is  readily  traced.  More  than  mere  infection,  however,  would 
apparcnlly  be  reciuired  to  account  for  the  relatively  small  number 
of  spreading  ulcers  met  with — a  lowered  vitality  of  the  individual, 
some  inherent  dyscrasia,  or  a  coexistent  disease  of  other  tissues* 

CompUeations. — Hypopyon. — Leber   has    shov%Ti    by   experi- 
menls  that  the  deposit  of  fibrin  and  leucocytes  in  the  anterior 
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chamber  is  not  due  to  the  passage  of  micro-organisms  from  the 
ulcerated  area  through  the  layers  of  the  cornea,  but  is  derived  from 
the  blood-vessels  of  the  ciliary  body,  iris,  and  possibly  the  endothe- 
lium of  the  cornea.  The  consistency  of  the  hypopyon  is  propor- 
tionate to  the  relative  amounts  of  fibrin  and  leucocytes.  If  the 
former  predominates,  the  mass  is  stiff  and  spongy;  if  the  latter,  it 
is  more  fluid,  and  changes  its  form  with  movements  of  the  head. 
Its  upper  border  makes  a  straight  horizontal  line,  and  its  lower 
boundary  corresponds  to  the  curve  of  the  floor  of  the  anterior 
chamber.  The  mass  is  yellow  in  color,  and  occupies  one-third 
or  even  one-half  of  the  chamber.  It  may  be  rapidly  absorbed, 
and  in  a  short  time  again  collect.  Unguis,  or  onyx,  is  the  name 
applied  to  a  collection  of  material  identical  with  hypopyon  between 
the  layers  of  the  lowest  part  of  the  cornea.  Some  clinicians  believe 
onyx  to  be  a  minute  hj'popyon. 

Perforaiion. — As  the  ulcerative  process  extends  backward,  the 
layers  of  the  cornea  are  successively  destroyed.  Impending  per- 
foration is  indicated  by  the  bellying  forward  of  the  membrane 
of  Descemet  into  the  destroyed  area.  Rupture  of  this  membrane 
is  immediately  followed  by  escape  of  the  aqueous  and  advance  of 
the  iris  and  lens.  Peripheral  perforation  is  less  disastrous  to  the 
welfare  of  the  eye  than  central,  because  the  corneal  opening  is 
blocked  by  the  iris  which  falls  against  it.  In  central  perforation 
the  wound  often  remains  open,  and  the  anterior  chamber  is  abol- 
ished for  several  days.  The  lens  is  held  against  the  opening  by 
the  pressure  from  behind,  the  capsule  becomes  united  with  the 
cornea,  forming  capsular  or  lenticular  synechia,  and  chronic 
iridocylitis  is  encouraged.  In  large  perforation  or  corneal  sloughs 
the  escape  of  the  aqueous  may  be  followed  by  discharge  of  the 
lens,  loss  of  vitreous,  intraocular  hemorrhage,  detachment  of  the 
retina,  or  panophthalmitis. 

3.  Constitutional  Ulcers. — In  debilitated  individuals,  and  in 
subjects  of  general  disease,  such  as  diabetes,  malaria,  scrof- 
ula, and  anemia,  sloughing  ulcers  may  arise  spontaneously  or 
follow  slight  traumatisms.  The  constitutional  condition  that 
transforms  a  simple  non-infected  ulcer  into  a  purulent  process 
is  the  exhaustion  attendant  upon  the  causative  disease. 
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Keraiomalacia.—ln  weak  and  puny  infants,  and  in  adults 
whose  strength  has  become  exhausted  by  prolonged  sicknessi 
both  corneas  may  become  infiltrated  in  the  center  or  peripher\% 
and  the  morbid  process  involve  the  entire  membrane.  The  infil- 
tration is  speedily  followed  by  ulceration  and  extensive  sloughing. 
Conjunctival  inflammations,  by  which  the  nutrition  of  the  cornea 
is  cut  oil,  will,  in  anemic  subjects,  lead  to  corneal  necrosis. 

Dendriform  Ulcers  {Keratitis  Dcndritica^  Malarial  Keratitis)* — 
This  form  of  ulceration  is  characterized  by  a  line  of  opacity  ex- 
tending several  millimeters  in  length,  which  gives  off  small  branches 
resembling  the  veins  of  a  leaf,  and  surrounded  by  hazy  cornea. 
The  rounded  extremity  of  the  main  stem  and  its  branches  end 
abruptly.  The  process  involves  either  the  superficial  or  deep 
corneal  layers.  The  former  is  attended  by  mild  symptoms,  and, 
although  chronic  in  its  course,  heals  with  slight  permanent  inter- 
ference with  vision.  The  profound  ulcer  is  longer  in  duration, 
accompanied  by  more  severe  symptoms^  and  results  in  a  perma- 
nent scar*  More  rarely,  the  affection  is  an  infiltration  of  the 
superficial  corneal  layers  without  loss  of  epithelium,  and  presents 
minute  points  of  dense  opacity  across  the  pupillary  area  or  around 
the  peripher)%    The  disease  is  believed  to  be  mycotic  in  origin. 

The  symptoms  are  those  of  ulcer  in  general.  They  are  said 
to  be  increased  in  seventy  just  prior  to  a  malarial  paroxysm,  but 
pursue  an  indolent  course  and  yield  slowly  to  treatment*  They 
often  result  in  extensive  opacities. 

Indolent  Ulcer, — Without  assignable  direct  cause  a  distinctly 
outlined  area  of  the  cornea,  central  or  peripheral,  becomes  ex- 
cavated* The  floor  and  sides  of  the  excavation  are  clear  and  the 
adjacent  cornea  retains  its  transparency.  The  ulcer  is  unattended 
by  pain  or  ciliary  injection.  During  its  early  stages,  and  when 
situated  peripherally,  it  interferes  but  little  with  vision*  During 
the  process  of  healing  fine  blood-vessels  form  in  the  epithelium 
between  the  edges  of  the  ulcer  and  the  nearest  portion  of  the 
limbus.  The  ulcer  gradually  becomes  smaller  by  the  deposit  of 
repair  tissue  probably  conveyed  by  the  newly  formed  blood- 
vesseb.  The  site  of  the  ulcer  after  recovery*  is  occupied  by  a 
transparent,  permanent  facet* 
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Indolent  ulcers  are  found  in  scrofulous  children,  anemic  and 
debilitated  individuals,  and  in  subjects  enfeebled  by  age. 

Febrile  Ulcers. — The  eruptive  fevers  induce  corneal  ulceration, 
primarily,  «.s  in  smallpox,  or  secondarily,  as  in  measles  and  scarlet 
fever.  They  appear  in  the  late  stages  of  the  severe  conjunctivitis 
dependent  upon  these  diseases.  The  ulcer  of  variola  may  be  the 
result  of  the  great  physical  exhaustion  incident  to  the  disease, 
or  the  cornea  may  be  the  seat  of  the  characteristic  pustule.  In 
either  event  the  deep  layers  of  the  cornea  become  involved  and 
frequently  perforate. 

Treatment  of  Infected  Corneal  Ulceration. — In  addition  to 
the  local  remedies  named  under  simple  ulcer,  mydriatics  are 
to  be  employed.  They  are  of  value  in  preventing  attachments 
of  the  iris  to  the  lens  capsule  in  the  pupillary  area,  and  in  allaying 
irritation  of  the  uveal  coat  by  paralyzing  the  ciliary  muscle,  thus 
putting  the  eye  at  rest.  The  mydriatics  that  are  useful  are  atropin, 
duboisin,  hyoscyamin,  or  scopolamin. 

The  compresses  may  be  of  hot  water  or  of  hot  bichlorid 
(i  :  10,000),  and  should  be  continued  for  from  five  to  ten  minutes, 
at  interv^als  of  two  hours.  They  allay  pain,  have  a  tendency 
to  prevent  extension  of  the  ulcer,  and  stimulate  the  reparative 
process.  Irrigating  solutions  are  saturated  boric  acid,  formalin 
(i  :  5000),  bichlorid  (i  :  10,000),  and  permanganate  of  potassium 
(i  :  2000). 

Eserin,  alternated  with  the  atropin,  is  said  to  have  a  beneficial 
action  on  the  cornea  by  promoting  absorption  of  exudation  and 
preventing  extension  of  purulent  infiltration. 

The  dusting  into  the  conjunctival  sac  of  iodoform  or  some 
of  its  substitutes,  or  the  use  of  wafers  of  the  same  substances, 
will  help  to  maintain  the  ulcer  aseptic.  Local  blood-letting  and 
blisters  to  the  temple  are  useful  adjuncts  to  the  treatment  in 
suitable  cases. 

The  chronic  forms  of  conjunctivitis  sometimes  complicating 
corneal  ulcer  should  be  treated  by  applications  of  a  weak  solution 
of  silver  nitrate,  glycerite  of  tannin,  and  yellow  oxid  ointment. 
Coexisting  stricture  of  the  lacrimal  duct,  dacrj^ocystitis,  naso- 
pharyngeal affections,  and  carious  teeth  should  receive  attention. 
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CauterarUs, — To  check  the  extension  of  a  purulent  ulcer  the 
most  reliable  therapy  is  the  application  to  the  floor  and  sides  of 
the  ulcer  of  tincture  of  iodin.  After  the  iodin  has  been  applied, 
and  while  the  lids  are  held  apart,  a  few  minims  of  oHve  oil  are 
dropped  into  the  conjunctival  sac  to  prevent  irritation  from  the 
contact  of  the  iodin  with  the  healthy  mucous  membrane.  Other 
applications  of  merit  are  silver  nitrate  (gr.  xx  to  5j)  and  pure 
carbolic  acid.  Curetting  the  ulcer  and  touching  the  denuded 
surface  with  mercuric  bichlorid,  i  :  500,  may  prove  useful.  Lip- 
pincott  recommends  that  water  at  the  temperature  of  150*^  F. 
be  dropped  from  the  pipette  upon  the  ulcer.  The  medicaments 
may  be  applied  daily  or  less  frequently,  according  to  the  impression 
produced,  and,  if  one  is  found  ineflFective  after  trial,  others  should 
be  substituted.  Local  anesthesia  induced  by  holocain  is  required 
in  children  and  in  nervous  subjects. 

If  these  remedies  are  ineflFective,  recourse  must  be  had  to  the 
actual  or  galvanic  cautery.  The  diseased  area  is  first  outlined 
with  fluorescin,  the  sloughed  tissue  curetted  away,  and  the  electrode 
carefully  applied.  A  platinum  probe  brought  to  a  white  heat  in 
an  alcohol  flame  is  a  convenient  substitute  for  the  electric  cauterj'. 
Repetition  of  the  application  may  be  necessary.  The  most  viru- 
lent, forms  of  ulceration  are  undoubtedly  caused  by  infection  by 
the  pneumococcus,  and,  if  its  presence  is  early  demonstrated,  the 
use  of  the  actual  cautery  is  the  most  efficient  treatment.  The 
germs  are  not  limited  to  the  immediate  surface  of  the  ulcer,  but 
extend  in  all  directions  laterally  through  the  lymph  channels,  so 
that  the  cauterization  must  include  the  cornea  slightly  beyond  the 
edges  of  the  ulcer. 

Threatened  Perjoration. — A  binocular  pressure  bandage  con- 
tinuously applied,  and  removed  only  for  local  treatment,  supports 
the  weakened  cornea  and  tends  to  prevent  rupture  of  the  ulcer. 
If  this  fails,  the  best  results  are  secured  by  paracentesis  through 
the  floor  of  the  ulcer  by  a  Graefe  knife  or  paracentesis  needle, 
thus  controlling  the  escape  of  the  aqueous  and  preventing  extensive 
prolapse  of  the  iris,  dislocation  of  the  lens,  and  intraocular  hem- 
orrhage. 

Perjoration, — Attempts  at  restoration  of  iris  that  may  be  pro- 
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lapsed  through  the  opening  in  the  cornea  arc  usually  futile,  and 
if  persisted  in  bruise  or  lacerate  the  membrane.  Iris  recently 
prolapsed  that  cannot  be  replaced  should  be  cut  off,  and  the  edges 
of  the  coloboma  freed  from  contact  with  the  sides  of  the  per- 
foration. 

Atropin  in  central  and  eserin  in  peripheral  perforation  is  to  be 
instilled,  and  both  eyes  firmly  bandaged.  The  bandage  is  allowed 
to  remain  for  two  or  three  days  undisturbed,  the  patient  resting 
quietly  in  bed.  In  anemic  subjects  strjxhnin,  milk-punches,  and 
a  nourishing  diet  will  favor  closure  of  the  perforation.  Notwith- 
standing early  and  appropriate  treatment,  anterior  synechias  cannot 
in  most  cases  be  avoided. 

Hypopyon, — ^The  presence  of  hypopyon  calls  for  the  energetic 
treatment  of  the  ulcer.  In  addition,  subconjunctival  injections 
of  physiologic  salt  solution  and  daily  sweats  by  hypodermic  in- 
jections of  pilocarpin  have  a  favorable  influence  in  stimulating 
the  absorption  of  the  exudation.  Large  and  persistent  hypopyon 
may  be  evacuated  through  an  incision  at  the  lower  border  of  the 
cornea. 

ConstitutiofKil  Treatment, — The  remedies  are  indicated  by  the 
character  of  the  ulcer  and  the  systemic  cause  underlying  its  de- 
velopment. In  the  asthenic  forms,  iron,  str>xhnin,  and  stimulants, 
with  attention  to  the  digestive  organs  and  intestinal  tract;  in  dia- 
betes, regulation  of  the  diet,  codein,  and  other  means  to  check 
the  loss  of  sugar;  in  malaria,  quinin  and  arsenic;  in  syphilis, 
mercury  and  iodids;  in  rheumatism  and  gout,  salicylates,  colchi- 
cum,  and  lithia  waters;  in  weakness  of  the  circulation,  digitalis; 
and  in  intestinal  parasites,  anthelmintics.  Daily  exercise  in  the 
open  air  and  sunlight  should  be  insisted  upon,  with  the  eye  suit- 
ably protected  by  dark  glasses. 

Abscess  is  a  collection  of  pus  between  Bowman's  and 
Descemet's  membranes.  The  infiltration,  at  first  gray  and  dull, 
becomes  in  the  course  of  a  few  hours  a  bright  yellow,  covered 
by  displaced  and  partly  opaque  epithelium.  Its  tendency  is  to 
involve  adjacent  healthy  cornea  by  softening  and  purulent  de- 
generation. An  abscess  may  be  small  and  circumscribed  or  large 
and  diffuse.     The  symptoms  are  usually  aggravated  by  the  prcs- 
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ence  of  hypopyon  and  iritis.  The  bacteriology  is  that  of  purulent 
progressive  corneal  ulcer.  Except  in  the  early  stages  the  two 
diseases  are  clinically  identical,  as  the  abscess  soon  breaks  through 
the  feeble  anterior  epithelial  covering  and  becomes  converted  into 
an  ulcer.  Leucocytes  are  deposited  among  the  layers  of  the 
cornea,  destroy  the  corneal  cells,  block  up  the  lymph  canals 
and  spaces,  cut  off  the  nutrition,  and  induce  necrosis  of  the  affected 
part- 

Treatment, — In  addition  to  the  therapy  of  corneal  ulcer  the 
abscess  should  be  opened,  the  slough  as  far  as  possible  removed, 
and  the  ulcer  cauterized.  In  obstinate  cases  the  operation  known 
as  Sacmuch  incision  should  be  performed,  A  cataract  knife  is 
introduced  through  healthy  cornea  adjacent  to  the  boundary  of 
the  abscess,  passed  across  the  anterior  chamber,  and  the  point 
brought  out  in  the  healthy  cornea  on  the  side  opposite  to  the 
puncture.  The  diseased  area  is  then  divided  from  behind  forw^ard* 
After  removal  of  all  pus  the  conjunctival  sac  is  thoroughly  douched 
with  antiseptics  and  the  eye  bandaged.  The  subsequent  treat* 
ment  should  include  tonics,  stimulants,  nourishing  diet,  and  rest 
in  bed,  ♦ 

The  prognosis  is  always  grave.  The  least  unfavorable  cases 
terminate  with  leucoma  and  anterior  synechiae.  Exceptionally 
vision  may  be  improved  by  iridectomy  performed  some  weeks 
after  all  signs  of  inflammation  have  disappeared.  The  usual 
termination  is  total  necrosis  of  the  cornea,  loss  of  intraocular 
contents,  staphyloma,  and  atrophy  of  the  globe. 

Sequels  of  Corneal  Ulceration, — The  disturbances  of  vision 
consequent  upon  the  repair  of  corneal  ulcers  are  slight  or  grave, 
according  to  the  situation  of  the  ulcer  and  the  depth  of  the 
invasion  by  the  morbid  process. 

Facets. — The  normal  curve  of  the  cornea  is  interrupted  by  a 
flat  plane  surface  corresponding  in  extent  to  a  previous  superficial 
ulceration.  Its  presence  can  be  detected  by  distortion  of  the 
reflection  of  objects  or  the  mires  of  an  ophthalmometer*  Ex- 
aminalion  of  the  fundus  will  show  apparent  distortion  of  the 
disk  and  broken  continuity  of  the  blood-vessels. 

Opacities  are  classified  according  to  their  density.     Nebula  is 
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a  slight  haze,  usually  superficial;  macula  is  a  spot'of  more  dedded 
opacity;  and  a  leucoma  is  a  dense  white  scan  Perforation  of  the 
cornea  with  incarceration  of  the  iris  in  the  cicatrix  (anterior 
synechia)  is  termed  adherent  leucoma ^  in  which  a  small  speck  of 
iris  pigment  may  often  be  seen. 

Other  sequels  of  corneal  ulcers  are  partial  or  total  siaphyhma, 
a  bulging  forward  of  the  cornea  {page  229);  kereclasia^  a  dislenlion 
of  opaque  posterior  corneal  layers^  following  necrosis  of  the  an- 
terior layers  without  perforation;  and  keraiotek\  a  translucent 
staphyloma  of  the  membrane  of  Descemet.  The  keratocele  is 
single  or  multiple^  and  appears  as  dark  transparent  areas  in  the 
midst  of  a  partially  or  completely  opaque  cornea,  Fistule  is  an 
unhealed  perforation  through  which  the  aqueous  is  discharged. 

Treatment  of  the 
Sequels, — Nebula  and 
facets  may  be  improved 
by  massage  of  the  cornea 
through  the  closed  lids 
with  yellow  oxid  of  mer- 
cury ointment,  by  insuf- 
flation of  finely  pow- 
dered calomel,  or  by  the 
instillation  of  dionin,  in 
10  per  cent,  solution. 
Impaired  vision  is  often 
improved  by  correction 
of  irregular  astigmatism*  Dense  and  deep  opacities  and  adherent 
leucoma  cannot  be  materially  benefited  by  treatment-  The  leu- 
coma can  be  abnost  entirely  concealed  by  tattooing  after  the 
subsidence  of  all  intlammatory  symptoms.  In  central  leucoma 
optical  iridectomy  is  the  only  resource. 

The  Operation  of  Taiiamng.— The  best  India  ink  is  made  into 
a  paste  with  i :  2000  bichlorid  solution.  The  anesthetized  cornea 
is  pricked  at  the  site  of  the  leucoma  at  an  oblique  angle  by  one 
needle,  or  a  set  of  four  needles  securely  fastened  in  a  handle, 
and  the  ink  is  conveyed  to  the  cornea  by  the  needles.  The 
ball  is  steadied  by  the  finger  rather  than  by  fixation  forceps. 
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The  eye  is  flush<^d  with  boric  acid  several  times  during  the  opera- 
tion, and  the  excess  of  ink  washed  away.  The  immediate  effect 
of  the  tattooing  is  to  induce  keratitis;  therefore  the  operation 
should  not  be  prolonged,  but  repeated  after  intervals  of  a  few  days 
until  the  leucoma  is  entirely  covered. 
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Fig.  1^6, — Multiple  Needles  tor  Tattooimo, 

Staphyloma. — The  further  distention  of  the  comea  may  be 
sometimes  prevented  by  iridcctomyj  but  usually  excision  of 
the  cornea  is  demanded,  Keraieciomy  is  considered  on  page 
288. 

Phlyctenular  Keratitis  (Phlyctenulosis)  is  an  acute  localized 
vesicular  formation  on  the  cornea  near  the  comeo-scleral  junction- 

The  blebs  are  grayish  in  color 
and  elevated  above  the  corneal 
surface,  and  after  a  short  lime 
rupture  and  leave  small  ulcers* 
Causes. — ^It  is  common 
among  strumous  children,  those 
improperly  fed,  or  those  affected 
with  intestinal  parasites,  and  is 
frequently  associated  with  aden- 
oids, naso-phar)'ngeal  inflamma- 
tions, and  eczematous  eruptions 
at  the  corners  of  the  nose  and 
mouth.  It  frequently  follows 
exanthematous  fevers,  especially 
measles* 

Varieties. — The  phlyctenules 
are  single  or  multiple.  The  single 
phlyctenuk  is  circular,  transpar- 
ent or  opaque,  and  about  the  size  of  a  hemp-seed*  The  con- 
tents are  serous  or  purulent.  Coincident  with  its  formation, 
blood-vessels  spring  from  the  adjoining  portion  of  the  conjunc- 
tiva, and  pass  on  the  cornea  until  they  reach  the  margin  of  the 
phlyctenule;  the  cornea  adjacent   to  the  phlyctenule  is  opaque 
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from  the  presence  of  fine  short  radiating  h'nes  of  infihration. 
Rarely  a  second  bleb  forms,  with  precisely  identical  appearances 
on  the  same  eye.    The  disease  is  usually  monocular. 

The  purulent  phlyctenule  is  yellow  in  color,  larger  than  the 
serous,  and  attended  with  more  violent  and  persistent  symptoms. 
After  the  escape  of  the  contents  through  the  broken-down  walls, 
an  ulcer  remains,  corresponding  in  size  to  the  base  of  the  bleb, 
and  partly  surrounded  by  vessels.  Both  the  purulent  and  the 
serous  forms  after  recovery  leave  small,  round  opacities  that 
either  disappear  after  the  lapse  of  several  months  or  leave  a  per- 
manent haze  of  the  cornea.  Upon  the  recurrence  of  the  con- 
stitutional and  underlying  causes  the  disease  is  apt  to  relapse. 

Multiple  Phlyctenule, — Six  or  eight  small  blebs  appear  in  any 
portion  of  the  corneal  limbus,  more  frequently  on  the  nasal  side. 
They  are  transparent,  superficial,  and  supplied  by  blood  by  the 
neighboring  conjunctival  vessels.  They  follow  the  same  course 
as  the  single  variety,  but  with  milder  symptoms. 

The  Fascicular, — In  central  corneal  phlyctenule  the  vas- 
cularity and  the  infiltration  form  a  narrow  band  of  opacity  be- 
tween the  i)hlyctenule  and  the  limbus  which  persists  long  after  the 
bleb  has  disappeared.  The  history  and  course  of  the  affection 
are  the  same  as  described  above. 

Symptoms. — The  formation  of  the  phlyctenule  is  preceded 
a  day  or  two  by  j:)hotophobia  and  lacrimation.  After  its  develop- 
ment blepharospasm  is  added  to  the  other  symptoms.  The  child 
buries  its  head  in  the  i)illow,  loses  its  appetite,  and  is  slightly 
feverish  and  irritable.  The  whole  conjunctiva  is  inflamed,  more 
intensely  adjoining  the  seat  of  the  phlyctenule. 

Diagnosis. — No  disease  of  the  cornea  presents  more  marked 
or  more  individual  characteristics.  The  bleb,  the  peculiar  vas- 
cularity, and  the  association  of  nasal  and  skin  affection  are  so 
distinctive  that  no  confusion  can  arise  in  determining  the  nature 
of  the  affc'Clion. 

Treatment. — Local  apj)lications  alone  will  not  cure  the  in- 
ilammaiion  or  prevent  the  recurrence  of  the  i)hlyctenules.  The 
inilanu-d  and  hy])crtrophied  nasal  mucous  membrane  must  be 
restored  to  a  heaUhv  condition,  and  internal  remedies  adminis- 
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texed  in  the  form  of  iron,  cod-liver  oil,  and  measures  to  bring  the 
general  health  to  the  highest  standard.  All  candy,  pastry »  tea, 
and  coffee  should  be  forbidden,  and  a  nutritious  diet  ordered* 

Local  measures  are  effective  in  proportion  to  the  thorough* 
ness  with  which  they  are  made*  Home  treatment  is  usually  in- 
efficient, owing  to  the  difficulty  in  properly  applying  the  remedies* 
The  local  therapy  consists  of  atropin,  hot  stupes,  the  ointment 
of  yellow  oxid  of  mercurv^,  and  frequent  douching  wnth  saturated 
solution  of  boric  acid. 

Prognosis. — Each  recurring  purulent  phlyctenule  leaves 
behind  a  permanent  scar  in  the  cornea.  The  single  pustule  ap- 
pearing near  the  scleral  junction  tends  to  penetrate  deeply  with 
possible  perforation.  The  serous  and  multiple  blebs  disappear 
without  permanent  opacities. 

Trophic  Keratitis. — Interference  with  the  nulriUve  supply  to 
the  cornea  by  disease  of  or  traumatism  to  the  ophthalmic  division 
of  the  fifth  nervT  or  other  causes,  leads  to  anesthesia  and  inflam- 
mation with  or  without  ulceration, 

1.  Neuroparalytic  Keratitis, — ^Continued  inflammation  of  or 
pressure  upon  the  nucleus,  trimk,  or  branches  of  the  fifth  pair 
of  nerves  will  induce  ulceration  and  permanent  loss  of  trans- 
parency of  the  cornea.  The  primary  cause  may  be  traced  to 
pressure  of  exudation  or  tumors  in  the  orbit  or  in  the  cranium,  to 
operation  for  the  removal  of  the  Gasserian  ganglion,  to  fracture 
of  the  bones  of  the  skuUj  or  to  disease  of  the  nucleus.  The  cornea 
becomes  anesthetic  and  ulcerates,  with  the  formation  of  several 
well-defined  areas  of  sloughing,  either  from  a  trophic  change  in 
the  membrane  or  from  the  traumatism  following  the  unconscious 
presence  of  foreign  substances. 

2.  Herpes  Zoster, — The  formation  of  the  vesicles  on  the 
skin  of  the  lid  and  forehead  (see  page  loo)  is  often  associated  with 
the  development  of  similar  blebs  on  the  cornea,  particularly  in 
affections  of  the  nasal  branch  of  the  trigeminus.  The  bleb  wall 
is  thin  and  transparent,  and  consists  of  the  elevated  epithelial  layer 
of  the  cornea.  After  a  few  days  the  vesicle  ruptures,  discharges 
its  contents,  and  leaves  a  superficial  irregularly  shaped  ulcen 
At  this  stage  in  some  cases  the  healing  process  begins;  in  others 
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the  ulcer  deepens  and  the  cornea  may  perforate.  The  blebs  may 
repeatedly  recur.  (See  Fig*  12S.)  The  affcGtion  is  attended 
with  and  followed  by  severe  neuralgia. 

3,  Bullous  Keratitis. — Upon  the  opaque  cornea  of  an  atro* 
phied  eyeball  or  the  clear  cornea  of  an  inflamed  eye  one  or 
more  blebs  make  their  appearance-  They  are  of  variable  si^e, 
persist  for  a  time,  and  recur,  and  are  ascribed  to  interruption  of 
the  lymph  circulation  or  to  some  affection  of  the  corneal  nerves. 
They  are  accompanied  by  symptoms  of  Intense  keratitis* 

4>  Relapsing  or  Vesicular  Keratitis  is  the  name  given  to  a 
series  of  small  vesicles  which  form  on  the  apparently  healthy 
cornea  after  traumatism  (see  page  254). 

5,  Keratitis  Dessiccata* — Withdrawal  of  the  protection  of 
the  lids  to  the  cornea  in  lagophthalmos  or  pronounced  exoph- 
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thalmos  is  followed  by  drying  of  the  exposed  portion,  and  the  col- 
lection upon  it  of  foreign  matter.  This  soon  leads  to  in  fill  ration 
and  ulceration^  unattended  with  pain  or  other  acute  inflammatory 
symptoms*  The  epithelium  is  first  cast  off,  then  follows  layer 
after  layer  of  the  cornea  until  the  membrane,  no  longer  able  to 
resist  the  intraocular  pressure,  perforates. 

Prognosis  of  Trophic  Keratitis. — This  is  modified  by  early 
determination  of  the  cause  and  appropriate  treatment.  It  is 
generally  serious,  terminaling  in  perforation,  adherent  Icucoma, 
or  in  total  destruction  of  the  cornea.  The  milder  forms  of 
herpes  and  vesicular  keratitis  may  recover  with  only  a  slight 
corneal  haze. 

Treatment. — Keratitis  from  disease  of  the  cerebral  nerves 
is  generally  beyond  the  reach  of  therapeutics.  Occasionally  sur- 
gical measures  are  successful  in  removing  the  orbital  or  basal 
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tumors,  but  the  operations  give  no  relief  lo  the  corneal  disease. 
Blebs  and  vesicles  should  be  opened  and  the  ulcers  treated*  Kerat- 
itis from  exposure  of  the  cornea  may  be  favorably  modified  by 
the  application  of  moist  or  dry  heat  or  by  the  Duller  s  shield. 
Suturing  of  the  lids  together  has  been  proposed  as  a  temporary 
expedient.  The  constitutional  remedies  most  valuable  are'quimn^ 
arsenic,  stimulants,  and  strychnin.  In  herpes  the  internal  ad- 
ministration of  bismuth  is  strongly  recommended. 

Striped  Keratitis  is  an  infiltration  of  the  cornea  after  iridec- 
tomy or  operation  for  the  extraction  of  cataract  {see  page  340), 

Punctate  Keratitis. — This  affection  may  involve  either  the 
deep  or  the  subepithelial  layers  of  the  cornea.  The  isolated  gray 
dots  deposited  on  the  membrane  of  Descemet  in  iritis  and  irido- 
cyclitis, both  serous  and  plastic,  cannot  be  regarded  as  a  disease 
of  the  cornea  except  as  they  create  after  a  time  true  keratitis  of 
the  deeper  layers  (Friedenwald),a  sign  of  which  are  lines  of  opadt}^ 
originating  from  the  dots  and  extending  toward  Bowman's 
membrane  (see  page  24$). 

The  superficial  form  of  punctate  keratitis  is  a  collection  of 
whitish-gray  points  beneath  Bowman's  membrane,  from  which 
fine  gray  lines  run  in  different  directions,  probably  following  the 
l}inph  channels.  The  epithelium  over  the  spots  is  elevated  and 
partly  opaque.  The  affection  is  often  a  complication  of  disease 
of  the  bronchial  tubes.  It  is  allied  in  its  course  and  symptoms 
to  herpes  comea. 

Keratitis  Filamentous  is  rare  form  of  membranous- like  exu- 
dation attached  lo  the  cornea  only  by  its  base.  It  may  form  after 
an  injur)*  or  during  inflammation,  and  is  apt  to  recur. 

Superficial  Vascular  Keratitis  {Pannus)  is  a  complication 
of  granular  lids  (see  page  186), 

Interstitial  Keratitis  {Dijjuse  Parcnchymaiaus  Keraliiis — 
KtraiUis  Projunda), — This  is  characterized  by  a  diffuse,  vascular 
inflammation  of  the  deep  layers  of  the  cornea,  with  round-cell 
iniiltrationj  and  no  tendency  to  ulceration.  It  often  appears 
about  the  age  of  puberty,  although  it  may  occur  at  any  age.  It  is 
generally  binocular,  but  both  eyes  are  not  attacked  simultaneously. 

Causes. — Inherited   syphilis   is   responsible  for  about  60  per 
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cent*  of  the  cases*  Scrofula,  affections  of  the  uveal  tract,  tubcT- 
culosiSf  acquired  s\T:>hilis,  malaria,  and  depressed  nutrition  are  the 
underiying  cause  in  a  proportion  of  the  cases*  If  the  disease 
is  the  result  of  inherited  specific 
affection,  the  patient  exhibits  the 
fiat  sunken  root  of  the  nose,  the 
notched  and  pegged  incisor  teeth 
(Hutchinson  teeth),  the  small  hard 
lymphatic  glands  at  the  angle  of 
the  jaw  and  in  the  preauricular  re- 
gion,  imperfect  hearing,  and  the 
other  ocular  evidences  of  the  dys- 

crasia,  such  as  posterior  synechia  or  scattered  patches  of  choroidal 
atrophy.  Abnormal  changes  in  the  teeth,  however,  cannot  be  re- 
garded as  evidences  of  inherited  syphilis^  as  these  are  often  the 
result  of  imperfect  nutrition  in  early  life.  Interstitial  keratitis 
may  be  congenital. 

Progress* — The  disease  usually  begins  by  slight  injection  of 
the  deep  vessels  at  the  corneo- scleral  margin*    A  faint  cloudiness 

appears  at  the  margin  or 
near  the  center  of  the  cor- 
nea, assuming  under  strong 
illumination  the  form  of 
small  scattered  opacities^ 
which  gradually  invade  the 
entire  comea  until  it  pre- 
sents the  characteristic 
ground 'glass  appearance. 
The  cloudiness  consists  of 
whitish 'gray  spots  and  lines 
which  become  massed  near 
the  center  of  the  cornea. 
The  denser  poinis  of  opacity 
may  be  regarded  as  foci  of 
the  inflammation.  The  opacity  of  the  deep  layers  obscures  the 
view  of  the  iris  except  through  the  extreme  periphery  of  the 
comea,    which    remains    clear.     The    pericorneal    ring   is   well 
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marked,  and,  as  the  disease  is  seldom  complicated  by  con- 
junctivitis, the  injection  is  characteristic.  The  anterior  layer 
may  participate  in  the  inflammation,  casting  off  its  epithelium  in  a 
few  minute  points.  The  vascularity  is  never  superficial,  as  in 
pannus,  but  always  either  in  the  middle  or  posterior  layers.  The 
vessels  are  fine,  parallel,  newly  formed  branches  of  the  ciliary 
arteries,  and  so  numerous  that  the  gray  color  of  the  infiltrated 
cornea,  especially  at  the  periphery,  is  changed  into  a  dusty  red,  the 
salmon  patch  of  Hutchinson.  The  infiltration  is  more  frequent 
in  the  vertical  meridian.  Chronic  iridocyclitis  is  always  present 
in  the  severe  types. 

Symptoms. — Photophobia,  lacrimation,  and  pain  are  coinci- 
dent with  the  appearance  of  characteristic  congestion.  The  pain 
is  deep  seated  and  is  aggravated  by  light.  Disturbance  of  vision 
is  at  first  a  dullness  and  fogginess,  gradually  increasing  until  only 
mo\ing  objects  can  be  recognized.  The  pain  may  be  slight,  or 
of  an  intense  neuralgic  form,  the  latter  indicating  involvement 
of  the  iris  and  ciliary  body. 

Prognosis. — After  weeks  or  months  of  disability  the  majority 
of  patients  regain  useful  vision.  The  absorption  of  the  infiltra- 
tion begins  at  the  periphery  and  proceeds  toward  the  center.  In 
the  mild  cases  the  opacity  is  absorbed,  and  only  the  irregularity 
of  the  corneal  curvature  is  permanent.  In  those  of  longer  duration 
and  greater  severity  the  exudation  and  the  fibrous  remains  of  the 
blood-vessels  never  entirely  disappear.  The  subsidence  of  the 
inflammation  in  the  eye  first  affected  is  often  coincident  with  the 
appearance  of  the  disease  in  the  other  eye,  or  it  may  be  delayed  for 
several  months  or  years. 

Treatment. — The  local  measures  consist  of  atropin,  hot 
stupes,  and  protection  of  the  eyes  from  light  by  the  wearing  of 
dark  glasses;  internally,  tonics  and  alteratives,  of  which  the  syrup 
of  the  iodid  of  iron  with  Fowler's  solution,  in  increasing  doses,  is 
perhaps  the  most  useful.  Mercurj-  is  indispensable  at  some  period 
in  the  course  of  the  disease.  It  may  be  given  by  inunction  or  in 
combination  with  the  iodids.  Salicylates  are  indicated  in  rheu- 
matism, quinin  in  malaria,  iron  in  anemia,  and  cod-liver  oil  and 
the   hypophosphites  in   rachitis.     The  efficacy  of  Ircalmenl   is 
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enhanced  by  frequent  variations  in  the  remedies  selected.  Exer- 
cise in  the  open  air  and  sunshine,  simple  nourishing  diet,  and 
residence  in  the  countrj-  or  at  the  seashore  are  important  adjuncts. 

After  the  inflammation  subsides  the  absorption  of  the  infiltra- 
tion will  be  hastened  by  massage  of  the  cornea  with  yellow  oxid 
ointment,  and  subconjunctival  injections  of  physiologic  salt  solu- 
tion. 

Sclerosing  Keratitis  is  a  slow  fibrous  degeneration  at  the 
margin  of  the  cornea  extending  several  millimeters  into  the  mem- 
brane, particularly  in  the  upper  and  lower  quadrants.  The 
transparent  cornea  is  apparently  much  smaller  than  normal,  and 
surrounded  by  an  opaque  ring,  its  circumference  having  been 
invaded  by  sclera-like  tissue.  The  affection  is  never  found  in 
children,  is  not  accompanied  by  the  signs  of  inflammation,  and 
is  sometimes  followed  by  staphyloma  of  the  cornea  and  sclera. 

Another  variety  of  the  sclerosing  process  is  that  which  accom- 
panies scleritis.  The  part  of  the  cornea  adjacent  to  the  inflamed 
sclera  becomes  involved  by  infiltration  of  the  products  of  inflam- 
mation. After  the  scleritis  has  recovered  the  cornea  remains 
opaque  for  a  long  time. 

Treatment  has  little  power  to  check  the  opacity  in  its  prog- 
ress across  the  cornea.  Massage  of  the  cornea  with  mild  oint- 
ments and  instillations  of  dionin  (10  per  cent,  solution)  are 
worthy  of  trial.     Iridectomy  may  be  made. 

Xerosis  {xerophthabnos)  is  an  atrophy  of  the  cornea  associated 
with  dr}'ness  of  the  conjunctiva.  It  is  found  among  ill-fed  and 
marasmic  children,  and  after  the  eruptive  fevers.  The  cornea 
is  opaque,  scaly,  dr}',  and  staphylomalous.  The  corneal  de- 
generation is  similar  to  that  of  the  conjunctiva  in  long-continued 
trachoma.     The  affection  is  rare,  and  treatment  is  unpromising. 

Ribbon-shaped  Keratitis. — A  horizontal  band  of  opacity, 
gray  in  color,  forms  in  that  portion  of  the  cornea  exposed  by  im- 
perfect closure  of  the  lids.  The  extremities  of  the  opacity  are 
bounded  near  the  limbus  by  a  narrow  strip  of  clear  cornea.  It  is 
primar}'  or  secondary,  and  bears  a  close  relation  to  glaucoma.  In 
the  primary  form  glaucoma  subsequently  develops,  and  in  the 
secondary,  <^laucoma  preexisted.     Its  pathology  is  said  to  be  a 
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collection  of  hyaline  masses  between  the  anterior  layers,  and 
hyaline  degeneration  of  the  corneal  cells  that  later  become  cal- 
careous. The  affection  is  not  uncommon  among  elderly  persons 
and  the  subjects  of  nephritis.  Iridectomy  may  for  a  time  improve 
vision  and  alleviate  or  postpone  the  symptoms  of  glaucoma. 

Opacity  of  the  Cornea  from  Lead.— By  the  repeated  in- 
stillation of  any  coUyria  containing  the  saUs  of  lead  into  an  eye  the 
cornea  of  which  is  abraded,  metallic  lead  is  deposited  in  the  ulcer. 
A  milk-white  patch  is  formed  which  interferes  seriously  with 
vision. 

Treatment. — ^The  overlying  epithelium  and  the  lead  deposit 
may  be  removed  by  curetting.  Thick  deposits  come  away  in 
white  flakes.  Following  removal  of  the  lead,  the  eye  should  be 
lightly  bandaged,  and  cold  compresses  applied  until  the  ulcer  is 
repaired. 

Keratitis  Nodosa  is  a  nodular  swelling  caused  by  the  entrance 
into  the  cornea  of  hairs  of  certain  caterpillars. 

Corneal  Tumors. — New  growths  limited  to  or  originating  in 
the  cornea  are  rare.  The  cornea  becomes  involved  by  extension 
of  a  growth  from  the  conjunctiva  or  sclera.  Fibroma  may  appear 
on  the  site  of  a  previous  ulceration  or  as  an  independent  tumor 
of  the  limbus,  slowly  advancing  into  the  cornea.  Tubercle  and 
leprosy  of  the  cornea  have  been  reported.  The  malignant  growths 
are  considered  under  tumors  of  the  conjunctiva. 

Arcus  Senilis. — In  most  individuals  past  middle  life  a  narrow 
band  of  the  cornea  about  1.5  mm.  from  the  limbus  undergoes 
colloidal  degeneration.  The  arcus  appears  first  in  the  upper  and 
then  in  the  lower  quadrant,  and  finally  the  ring  is  completed,  the 
annulus  senilis,  by  extension  of  the  degenerative  process  into  the 
nasal  and  temporal  quadrants.  The  opacity  is  bounded  by  a  ring 
of  clear  cornea,  an  important  diagnostic  point.  It  is  not  strictly  a 
pathologic  affection,  but  is  regarded  as  a  sign  of  advancing  years. 
When  incised,  as  in  the  operation  for  the  extraction  of  cataract,  it 
heals  as  readily  as  unaffected  portions  of  the  cornea.  It  has  been 
observed  in  young  persons. 

Protrusion  of  the  Cornea. — Pathologic  change  in  the  cur- 
vature of  the  cornea,  entirely  distinct  from  the  slight  difl'erence  of 
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refraction  in  the  meridians  in  astigmatism,  is  the  resuh  of  local 
inflammation,  and  is  knoNVTi  as  staphyloma^  or  it  may  appear 
spontaneously,  and  is  termed  keratoconus. 

Corneal  Staphyloma  {Anterior  Staphyloma), — A  cornea  weak- 
ened by  extensive  ulceration  and  perforation  is  incapable  of  re- 
taining its  normal  curvature,  and  yields 
to  the  intraocular  pressure.  Its  resist- 
ing power  is  weakened  both  because  of 
the  new  cicatricial  tissue  and  the  de- 
generation of  the  anterior  section  of 
the  ball.  The  diseased  corneal  tissue 
is  thin  and  elastic,  and  in  most  cases 
lined  by  distended  and  atrophied  iris. 

The  outflow  of  fluid  through  the  fil- 

,     .         ,    ,,  .  „        Fig.     131. — Total     Staphy- 

tration   canal    is   wholly   or    partially  loma.— (3/eyer.) 

prevented,  the   intraocular   tension   is 

thereby  raised,  and  the  staphyloma  increases  in  size  or  a  second 
one  is  added.  The  protruding  cornea  is  white  or  discolored  from 
uveal  pigment  on  its  posterior  surface.  The  remaining  portions 
of  the  cornea  are  usually  opaque  and  irregular  in  their  cur\*ature 
from  participation  in  the  morbid  process.  The  causes  of  staphy- 
loma are  purulent  affection  of  the  cornea,  severe  injuries,  glau- 
comatous degeneration,  and  intraocular  tumors. 

Treatment, — In  the  early  stages  eserin  and  pressure  bandages 
are  indicated,  or,  if  these  means  are  unavailing,  an  iridectomy 
must  be  performed. 

Keratectomy, — An  operation  will  be  required  in  many  cases  to 
prevent  the  extension  of  the  staphyloma  into  the  ciliar\'  region  of 
the  sclera,  to  lessen  the  disfigurement,  and  to  permit  the  wearing 
of  an  arliticial  eye  (see  page  288). 

Conical  Cornea  [Keratoconus), — Owing  to  thinning  of  the 
central  j)()rtion  or  loss  of  resisting  j)ower  the  cornea  is  gradually 
changed  in  curvature,  becoming  distinctly  cone-shai)ed.  The  dis- 
tention begins  after  ])ul)erty,  j)r()gresses  for  a  varying  period,  and 
then  Ix'conus  stationary.  It  is  i)elieve<l  to  be  more  common  in 
women,  and  its  starting-])oint  may  be  traced  in  some  instances 
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Fig  13a.— Conical  CounzA^^AJier  a. 

V.  Gr&eje.) 


to  long  illness.    The  apex  of  the  cone  seldom  corresponds  to  the 
center  of  the  cornea- 
ls advanced  cases  the  canical  shape  of  the  cornea  may  be 
readily  seen  by  viewing  the  eye  from  the  side,  while  in  moderate 

degrees  of  protrusion  the  use 
of  the  ophthalmoscopej  oph- 
thalmometer, Pladdo*s  disk, 
or  the  shadow  test  wiU  indi- 
cate the  changed  corneal 
cur\e* 

Both  eyes  are  usually  af- 
fected, but  not  to  the  same 
degree.  Vision  is  decidedly 
reduced  by  the  excessive  and 
irregular  myopia. 

Treatment. — The  refrac- 
tion should  be  estimated  by 
the  retinoscope,  and  glasses 
that  v^rill  correct  part  of  the 
myopia  and  astigmatism  prescribed.  Fairly  good  vision  can  be 
obtained  by  the  use  of  the  stenopaic  slit,  or  a  pin-point  pupil  in 
connection  with  concave  lenses,  but  the  field  is  so  limited  that 
such  corrections  are  practically  unavailable.  The  h>T)erbolic 
lenses  devised  by  Raehlmann  to  correspond  to  the  various  de- 
grees of  conicity  of  the  cornea  occasionally  give  fair  visual  residts, 
but  they  are  usually  inferior  to  sphero-cylinder  combinations. 

Operalive  TreaimenL — Glasses  are  seldom  satisfactory,  and 
some  form  of  operation  is  desirable  to  arrest  the  advance  of  the 
disease  or  to  secure  increased  vision.  Whatever  surgical  treat- 
ment is  employed,  it  is  proper  to  explain  to  the  patient  that  there 
is  uncertainty"  and  danger.  The  most  satisfactory  method  appears 
to  be  the  use  of  galvanocautery,  Knapp  applies  the  convex  disk 
electrode  superficially  to  the  center  of  the  protruding  portion, 
and  if  unsuccessful  the  electrode  is  subsequently  applied  at  the 
point  where  the  cicatricial  contraction  will  secure  the  greatest 
effect.  It  is  desirable  to  confine  the  operation  to  one-half  the 
pupillary  area.    The  cauterization  should  be  limited  to  the  bare 
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perforation  of  the  true  corneal  tissue,  and  under  no  circumstances 
allowed  to  penetrate  into  the  anterior  chamber.  Complete  per- 
foration, the  old-time  treatment,  resulted  in  slow  healing,  anterior 
synechias,  and  often  glaucoma. 

Blood  Staining  of  the  Cornea.— This  rare  aflFection  follows 
repeated  hemorrhages  into  the  anterior  chamber.  The  cornea 
assumes  a  reddish-brown  color,  shading  off  into  the  olive,  the 
densest  portion  occupying  the  center  of  the  membrane,  the  peri- 
pherj',  for  a  distance  of  2  or  3  mm.  being  perfectly  clear  and 
sharply  outlined  from  the  clouded  area.  It  may  be  mistaken 
for  a  lens  dislocated  into  the  anterior  chamber,  or  a  growth  of 
the  iris,  but  careful  inspection  discloses  its  true  nature.  The 
blood  pigment  can  be  removed  only  through  the  agency  of  the 
leucocytes.  The  usual  treatment  consists  in  atropin  early  in_ 
the  affection,  massage  of  the  cornea  with  ointment  of  yellow 
oxid  of  mercur\'  or  ichthyol,  and  alteratives  internally.  In  time 
the  corneal  haze  becomes  lighter,  and  in  the  course  of  a  few  years 
may  entirely  disappear 


CHAPTER  Vlll. 

DISEASES  OF  THE  IRIS  AND  CILIARY  BODY. 

Diseases  of  the  Iris. 

Anatomy  of  the  Iris. — The  iris  forms  the  anterior  segment  of  the 
uifeal  tract  (iris,  ciliary  body,  and  choroid),  and  consists  of  muscle, 
fibrous  connective  tissue,  pigment  cells,  and  blood-vessels.  The 
periphery  springs  from  the  scleral  limbus  by  means  of  the  ligamen- 
tum  pectinatum,  common  to  it  and  to  the  ciliary  body.  From  the 
periphery  the  iris  extends  toward  the  anteroposterior  axis  of  the  ball 
until  it  reaches  the  pupil.  It  is  bounded  in  front  by  the  anterior  and 
behind  by  the  posterior  chamber.  The  pupillary  border,  the  central 
termination  of  the  membrane,  rests  upon  and  receives  some  support 
from  the  lens. 

The  iris  may  be  divided  into  four  layers:  (i)  A  continuation  of  the 
membrane  of  Descemet,  over  its  anterior  surface;  (2)  stroma,  consist- 
ing of  muscular  fibers,  fibrous  tissue,  blood-vessels,  and  pigment  cells; 
(3)  the  limiting  membrane;  and  (4)  the  pigment  coat,  a  continuation 
upon  the  posterior  surface  of  the  iris  of  the  pigment  layer  of  the  retina. 
The  muscular  fibers  of  the  stroma  surround  the  pupillar}^  border  and 
constitute  the  sphincter  pupillae,  an  involuntar}*  muscle  under  the 
control  of  the  iris  branch  of  the  third  nerve.  In  the  healthy  iris  the 
blood-vessels  are  partly  visible,  and  in  the  diseased  iris  they  are  promi- 
nent. The  posterior  limiting  membrane  is  composed  of  radiating 
elastic  fibrous  tissue  known  as  the  dilator  pupillae. 

The  canal  of  Schlemm  lies  just  anterior  to  the  pectinate  ligament 
and  between  it  and  the  line  of  union  of  the  cornea  and  sclera.  It  is  the 
main  excretory  canal  for  the  secretions  of  the  interior  of  the  eye.  The 
angle  of  the  anterior  chamber^  an  important  portion  of  the  anatomy  of 
the  eye  in  the  consideration  of  pathologic  processes,  is  bounded  in 
front  by  the  ligamentum  pectinatum  and  behind  by  the  root  of  the  iris. 
Its  size  and  shape  are  subject  to  constant  alteration  with  every  con- 
traction of  the  ciliary  muscle  and  the  contraction  and  relaxation  of  the 
iris. 

The  blood-supply  of  the  iris  is  derived  from  the  long  ciliary  arteries, 
branches  of  the  ophthalmic  artery,  and  from  the  [)erf()rating  branches 
of  the  anterior  ciliary  branches  of  the  muscular  arteries.  The  motor 
nerve-su])ply  is  derived  from  the  third  nerve,  and  the  symj)athetic 
supply  from  the  cih'ar}-  ganglion. 

Anatomy  of  the  Ciliary  Body.— The  ciliary  body  lies  between  the 
choroid,  fn>ni  which  it  has  no  shar|)  boundary  line,  and  the  iris.     It  is 
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composed  of  muscular  tissue  and  the  ciliary  processes.     It  is  highly 
vascular,  pigmented^  and  is  richly  supplied  with  nerves. 

The  muscle  is  composed  of  the  radiating  and  the  circular  unstriped 
fibers,  of  which  the  former  is  far  more  numerous  and  voluminous. 
Anteriorly,  the  radiating  fibers  are  attached  by  the  ciliary  lif^ament 
(ligamentum  pectinatum)  to  the  limbus  corne  i\  Posteriorly  the  muscle 
is  gradually  lost  in  the  anterior  third  of  the  choroid.  The  circular 
fibers  are  few  in  number,  and  lie  between  the  radiating  fibers  and  the 
ciliary  processes. 

The  processes,  about  eighty  in  number,  form  the  innermost  portion 
of  the  ciliary  body,  and  rest  upon  the  hyaloid  membrane  near  to  the 
peripher}'  of  the  lens.  They  consist  of  a  layer  of  connective  tissue  and 
folds  of  ligament. 

The  posterior  chamber  is  bounded  in  front  by  the  iris,  below  by  the 
lens  capsule  and  lens,  posteriorly  by  the  suspensory*  ligament  of  the  lens, 
and  above  by  the  ciliary  processes. 

The  Function  of  the  Ciliary  Muscle.— The  ciliary  muscle  is  the 
muscle  of  accommodation.  In  every  act  of  accommodation  both 
the  meridianal,  or  radiating,  and  the  circular  fibers  contract.  If  the 
cornea  be  considered  to  be  the  fixed  point,  contraction  of  the  radiating 
muscle  will  draw  the  choroid  forward.  The  effect  of  the  double  con- 
traction is  to  loosen  the  tension  on  the  suspensory  ligament  and  permit 
the  lens,  by  its  inherent  elasticity,  to  increase  its  antero-posterior  axis. 
By  contraction  of  the  circular  fibers  the  diameters  of  the  ball  in  a  plane 
of  these  fibers  is  diminished,  the  suspensory  ligament  is  relaxed  and  the 
lens  increased  in  convexity.  The  bl(»od-supply  is  derived  from  the  long 
and  short  ciliary  arteries.  The  ciliary  body  is  richly  supj)lied  with 
nerves,  including  the  terminations  of  motor,  sensitive,  and  symjjathetic 
nerves  derived  from  the  third  and  fifth  cranial 
ner\es  and  from  the  cervical  plexus,  the  last 
passing  through  the  lenticular  ganglion. 

Congenital  Anomalies. — A  niridia,  or 
irideremia,  absence  of  the  iris,  is  partial  or 
complete,  and  usually  associated  with  other 
congenital  defects  of  the  eye.  The  pupils  are 
large,  dark,  and  permit  a  view  of  the  perii)hery  i-V;.  1-,^  -Colo- 
of  the  lens  and  of  the  ciliarv  processes.    X'ision        "•'^^■',  'Z  ^"^  'c'"' 

-    '  {  A  ;icr        Sac- 

is  imperfect,  but   may  he  improved  by  the  use        m/vr//.? 
of  a  pin-hole  disk.     The  condition  is  rare. 

Coloboma  of  the  Iris  is  a  deficiency  of  tissue  of  the  iris  in  cer- 
tain sections,  and  may  include  its  entire  hreadlh  from  the  pupil- 
lary border  to  the  j)enj)hery,  ur  any  portion  of  it.  It  is  more  fre- 
quent in  lis  lowiT  (jua( Irani.  Two  coiohoni.ita  may  Ik  proenl 
in  the  same  cxe. 
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Coloboma  of  tbe  iris  is  frequently  the  anterior  tenmnatioii 
oi  a  similar  defect  of  the  dliaiy  body  or  choroid,  and  may  coexist 
wttJi  other  coDgenital  anomalies  of  the  rye  and  body. 

PnpUlATj  AnoiELftUes> — A  slight  eccentric  displacement  of  the 
pdpil^  particularly  to  the  nasal  side,  is  not  abnormal.  Extreme 
displacement  is  cangenitalr  and  known  as  €ort€i&pm.  The  pupil 
is  oizal,  the  iris  responds  imperfectly  to  the  stimulus  of  light  and 
accommodation,  and  vision  is  below  the  normaL  Polytmi^i  is 
multiple  pupiL  In  most  cases  but  one  of  the  pupils  is  surrounded 
by  a  sphincter  muscle.  Heierockrmmi4S  is  a  difference  in  the  color 
of  the  irides  or  sectors  of  the  same  iris-  Anisocoria  is  inequality' 
in  the  pupils.  Affections  of  the  im  and  of  the  cornea,  the  result 
of  intrauterine  Enflammatinn*  such  as  anterior  sraechiae,  leiKoma^ 

and   leucoma  adherens^   are    not,   slricify 

speaking,  congenital  defects,  and  should 
not  be  confounded  i^ith  those  anomalies 
that  result  from  lack  of  development. 

PcfBistent    Pupillary  Membrane  is  the 
emnants,   more  or   less   complete,  of  the 
rncmbrane  which  covered  the  pupil  in  fetal 
life.     Usually,  the  remnants  consist  of  tine 
_rray  or  dark  fibers  crossing  the  pupil  and 
L  emanating  from  the  anterior  iris  surface  near 

its  pupillary  bolder.  The  fibers  are  differ- 
entiated from  posterior  synechise  in  that  they  are  finer  and  longer^ 
ari^  fn>m  the  anterior  and  not  from  the  pupiUar\'  border  or  pos- 
terior surface  of  the  iris,  and  do  not  interfere  i^^ith  moderate 
dilatation  of  the  pupiL  Congenital  anomalies  of  the  iris  are  not 
susceptible  of  treatmeni- 

Hjperemia  of  the  Iris  is  the  &rst  sign  of  an  oncoming  inffam- 
mattOQ,  or  b  sccondari^  to  disease  of  other  ocular  struaures. 
Il  is  recognized  by  injection  of  the  fine,  straight,  parallel  blood* 
vqrIs  suiToundIng  the  cornea*  by  the  contracted  pupil,  by  the 
incmsed  I'olume  of  the  iris,  and  by  its  sluggish  response  to  light, 
cooinergexiciet  and  mydriaiics-  The  patient  has  no  symptoms 
direct h^  refemble  to  the  congested  iris,  but  the  coexisting  atid 
causative  affection  of  other  ocular  tissues  gives  rise  to  pain,  lacri* 
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mation,  and  blurred  vision.  Hyperemia  of  the  iris  is  found 
almost  constantly  in  severe  or  long-continued  keratitis  and  in 
scleritis,  invariably  in  cyclitis,  and  occasionally  in  hyalitis  and  the 
various  forms  of  choroiditis. 

Iritis. — Inflammation  of  the  iris  is  acute  or  chronic,  primary 
or  secondary'.  It  may  appear  from  no  assignable  cause,  or  as  a 
result  of  traumatism  or  in  association  with  affections  of  other 
portions  of  the  ocular  structures,  but  in  the  majority  of  instances 
it  is  one  of  the  local  manifestations  of  systemic  disease.  Many 
of  the  symptoms  are  common  to  other  affections  of  the  eye,  but 
the  contracted  pupil,  sluggish  iris,  and  tendency  to  the  formation 
of  posterior  synechiae  serve  to  differentiate  iritis  from  other  inflam- 
mations. 

Sjrmptoms. — The  symptoms  of  acute  iritis  considered  in 
detail  are: 

Contracted  Pupil. — The  increased  vascularity  of  the  iris  inter- 
feres with  the  muscular  response  to  the  usual  stimuli,  and  the 
pupil  is  small  even  in  moderate  degrees  of  light,  and  reacts  slug- 
gishly. 

Pericorneal  Injection. — Injection  of  the  branches  of  the  anterior 
ciliary  arteries  forms  a  ring  of  bright  pinkish  color  around  the 
cornea.  The  vessels  are  subconjunctival,  parallel,  and  are  not 
displaced  by  movements  of  the  conjunctiva.     (See  Fig.  1 10.) 

Hyperemia. — ^The  vessels  in  the  iris,  as  seen  through  a  magni- 
fying glass,  are  enlarged,  tortuous,  and  obliterate  the  interstices 
of  the  muscle-fiber.  The  normal  color  of  the  iris  is  partly  con- 
cealed and  changed  into  a  greenish-yellow. 

Posterior  Synechice. — As  the  disease  progresses,  small  round 
cells  are  exuded  into  the  stroma  of  the  iris  and  into  the  anterior 
and  posterior  chambers;  the  iris  becomes  thicker,  its  details  partly 
hidden,  and  its  color  more  and  more  altered;  the  aqueous  humor 
loses  its  perfect  transparency;  exudation  and  pigment  are  depos- 
ited upon  the  membrane  of  Descemet  and  upon  the  capsule  of 
the  lens;  and  adhesions  form  between  the  iris  and  lens  capsule 
and  prcvi-nt  contraction  and  dilatation.  The  adhesions  are  not 
confined  lo  the  pupillary  border,  but  extend  toward  the  perii)her}-, 
and,  if  the  exudation  is  not  controlled  by  treatment,  gradually 
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annihilale  the  posteriar  chamber  and  form  a  compact  mass  of 
capsule,  eactjdate^  and  iris  tissue.  Adherence  of  the  pupilbr}'  bor- 
der  in  its  entire  cirrumferefice  is  called  anmulur  pasUrwr  symfchm* 
Adherence  of  the  posterior  surface  of  the  iris  thriM^bottl  its  ejctent 
is  €omplH€  pasierw  sYnecki^F,  The  pupiUanr  bolder  is  not  ad- 
herent in  aU  cases  in  its  whole  circumference,  but  may  be  attached 
in  pQinis,  thtis  holding  the  iris  fixed  at  thoise  spotsr— ^ifiW  or 
ime&mpkie  pasieri^  synecki^t*  In  sevete  grades  of  inflammatioai 
tbe  exudilioa  in  the  iris  and  in  the  anierior  chamber  undei^oes 
purulent  degenenoioii,  and  mstead  nl  merely  a  turbid  aqueous^ 
the  anterior  chamber  contains  a  mass  o(  exudation. 

Pain, — The  eieball  h  the  scat  of  a  constant  ache,  aggrarated 
by  exposure  to  light  or  attempts  to  use  either  eye,  and  is  usually 
at  nighL    The  pain  is  deep-s^ted,  and  referred  by  the 
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patient  to  the  eyrbalL,  orbit,  and  temple.  It  is  also  panm*smal 
or  neuralgic,  and  extends  thrmighom  the  distributicm  of  the  supra- 
orbital and  infraorbital  nerves.  The  ciliar>'  region  of  the  ei~eball 
h  extremely  sensitiTe  to  pressure,  and  tension  is  determined  with 
difficulty, 

Impamd  Visiom, — The  diminution  of  i-ision  depends  upon  the 
degiw  and  site  of  the  exudation.  If  it  is  abundant  in  the  pupiUaiy 
area^  Ttsioo  may  be  reduced  to  the  perreption  of  light.  Posierior 
5\^echi«  and  capsular  opacity  give  rise  to  permatient  deterioration 
oi  vision^  ahhorugfa  if  proper  remedies  ane  applied  before  the 
]ittpillary  border  of  the  iris  is  pennanntly  bamid  to  t^  ^  nor 
capsuk,  mid  bclare  the  exudation  has  invaded  the  p-  on 

win  be  slightly,  if  at  all,  tmpatnrd. 

It  is  oo(  pafiBthle  to  slate  that  the  symptoms  of  iriti>  develop 
in  wrll-deSned  pfogressicm,  allhouigjh  their  stages  are  suflkicntly 
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well  marked  to  follow  an  approximate  order  in  their  appearance. 
For  example,  the  symptoms  are  developed  in  the  following  suc- 
cession: First  stage:  Lacrimation,  photophobia,  asthenopia,  peri- 
corneal ring,  and  a  sensation  of  heat  and  soreness.  Second  stage: 
The  symptoms  are  increased  in  intensity,  the  pericorneal  ring 
more  fully  developed,  the  iris  slightly  discolored,  and  evening 
neuralgia.  Third  stage:  The  pupils  small,  the  iris  hj^^eremic, 
vision  commencing  to  be  cloudy,  neuralgia  severe,  the  pericorneal 
ring  complete,  and  the  injection  intense.  Fourth  stage:  The  iris 
green  or  yellow,  anterior  chamber  cloudy,  vitreous  hazy,  posterior 
synechia?,  and  vision  seriously  compromised.  Fifth  stage:  Intense 
ciliary  neuralgia,  general  malaise,  moderate  fever,  loss  of  appetite, 
eye  sensitive  on  pressure,  the  pupillary  space  blocked  with  exuda- 
tion, and  vision  lost. 

Causes. — The  constitutional  causes  of  iritis  are  syphilis, 
rheumatism,  diabetes,  tuberculosis,  gonorrhea,  and  a  few  of  the 
eruptive  fevers.  The  local  causes  are  traumatism,  disease  of  the 
cornea  or  of  the  deeper  tissues,  and  intraocular  tumors.  Iritis 
may  arise  without  assignable  cause.  It  is  a  constant  sign  of 
sympathetic  ophthalmia. 

Syphilitic  Iritis. — So  common  is  it  to  attribute  iritis  to 
syphilis  that  one  is  disposed  to  refer  all  cases  to  this  cause.  At 
times  it  is  possible  to  diagnose  the  dyscrasia  from  the  character 
and  progress  of  the  inflammation.  For  example,  in  syphilis  the 
exudation  both  in  the  iris  tissue  and  into  the  anterior  and  pos- 
terior chambers  is  more  profuse  than  when  due  to  other  con- 
stitutional diseases.  The  pain  is  less  intense  than  in  idiopathic 
or  in  rheumatic  iritis,  and  is  felt  principally  at  night.  The  pos- 
terior surface  of  the  cornea,  particularly  the  lower  quadrant, 
becomes  covered  with  s])ots  of  exudation.  The  vitreous  be- 
comes j)artly  filled  with  a  tine  dust-like  opacity,  showing  exten- 
sion of  the  inllammation  to  the  choroid  and  ciliary  body.  In  the 
late  stages  the  exudation  is  collected  into  small  nodules,  single 
or  multiple,  in  the  iris  or  ciliary  body,  known  as  gummata,  or 
gummatous'  iritis.  The  gummata  ])roject  forward  into  the  ante- 
rior chamber,  aru  yellow  c)r  brown  in  color,  and  sometimes  vascular. 
Thev  are  usually   small,   but   mav  reach   as  far  forward  as  the 
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cpmcftt  Atvt  10  be  scaled  off  and  the  fiagments  coQect ed  at  the 
baaam  of  the  chamber.  CtrcuJar  or  complete  posterior  synedii^ 
and  opocificmtioo  of  the  pupmary  capsule  aie  caaunoii.  The 
pumaata  of  the  ciEajy  bod^  are  capable  cxf  bem^  diagnosed  xmif 
madst  lafofabk  dfcumstaocesy  smce  the  exudation  in  hxmt  of 
the  kxti  prerents  examtnatioti  of  the  vicieot^  chamber.  Those 
that  hafe  beeo  smdied  have  the  same  piiTsical  chafadenstks 
as  gaBmiata  of  the  iris.    Gtmunatoias  isiim,  d^cribed  bf  many 
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Fig.  136. — GtTMMA  or  the  lus. 


authors  as  a  separate  affection^  Is  a  symptom  of  the  late  secondary 
or  of  the  teniary  stages  of  s\'philis.  Occasionail>>  in  the  leniary 
Ma^  the  comea  is  involved  by  interstitial  inflammation.  Eridence 
of  choroidal  inflammation  Is  found  in  the  disseminated  spots  of 
atrophy  and  ejnjdation  after  the  acute  stage  has  subsided*  Iritis 
ss  a  symptom  of  hereditary^  s}~philis  is  often  found  in  children 
who  have  also  chronic  inflammation  of  the  comea,  congenita) 
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lenticular  opacity,  notched  and  stunted  teeth,  projecting  forehead, 
scars  in  the  junctions  of  the  lips,  and  the  sunken  bridge  of  the 
nose. 

Hereditary  syphilitic  iritis  is  also  classified  as  scrofulous  iritis. 
The  distinction  between  the  two  diseases  cannot  be  closely  drawn, 
since  scrofula  may  be  regarded  as  an  inherited  s>'philitic  taint. 
In  both  syphilitic  and  scrofulous  children  deafness  is  a  common 
complication. 

Rhetunatic  Iritis. — Iritis  of  gout  and  rheumatism  has  the 
same  clinical  symptoms  as  the  specific  form  of  iritis,  with  two 
important  modifications,  namely,  the  pain  and  exudation.  The 
pain  is  severe,  neuralgic  in  character,  occurring  at  any  time  of 
the  day  or  night,  but  showing  a  marked  tendency  to  recur  at 
the  same  time  each  day.  Severe  pain  is  not  a  prominent  symptom 
of  syphilitic  iritis,  but  in  the  rheumatic  form  it  is  practically  con- 
stant, subject  to  severe  exacerbations,  and  is  felt  in  the  ball,  in 
the  orbit,  and  disseminated  through  the  head  on  the  same  side. 
The  exudation  is  far  less  abundant  than  in  syphilitic  iritis  and 
is  disproportionate  to  the  symptoms.  The  aqueous  is  not  par- 
ticularly cloudy,  nor  is  the  iris  much  increased  in  its  volume,  but, 
while  the  margin  of  the  iris  is  frequently  adherent  to  the  lens 
capsule,  the  pupillarj'  area  remains  clear  and  the  capsule  retains 
its  transparency.  Frequently  repeated  attacks  will  lead  to  total 
annular  synechias,  but  in  the  first,  or  even  the  second,  it  is  unusual 
for  the  exudation  to  be  so  profuse  that  loss  of  vision  is  threatened. 
The  posterior  uveal  tract  is  at  times  involved,  resulting  in  vitreous 
opacities  and  changes  in  the  choroidal  pigment.  The  relation 
between  rheumatism  and  iritis  may  occasionally  be  traced,  but 
often  iritis  is  ascribed  to  rheumatism  because  it  occurs  in  rheu- 
matic patients  or  those  of  rheumatic  or  gouty  diathesis. 

The  so-called  gonorrheal  iritis  is  in  fact  rheumatic  iritis, 
although  the  causative  connection  between  the  two  diseases  has 
not  been  determined.  It  is  subject  to  recurrence  in  association 
with,  or  independent  of,  recurring  attacks  of  rheumatism.  The 
frequency  of  the  concurrence  of  iritis  with  rheumatic  attacks 
confirms  the  dependence  of  the  former  upon  the  latter.  In  the 
majority  of  cases  the  affection  is  monocular. 
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Traumatic  Iritis  is  due  to  perforating  wounds  of  the  ante- 
rior srclion  of  the  eye,  including  operations,  and  the  passage 
of  fciriMgn  bodies  through  the  cornea,  iris,  and  lens,  and  their 
lodgment  in  the  anterior  chamber,  in  the  tissue  of  the  iris,  or  in 
I  he  ciliary  region.  Concussion  of  the  ball,  which  so  often  produces 
dislocation  of  the  lens  or  detachment  of  the  retina,  is  not  apt 
tn  be  followed  by  iritis.  The  inflammation  is  plastic,  and  may 
be  limited  to  the  wounded  part  of  the  iris,  or,  if  caused  by  the 
ml  ram  e  of  foriMgn  bixlies  into  the  eye,  may  spread  to  involve 
the  entire  uveal  tract. 

Tubercular  Iritis,  most  frequent  between  the  ages  of  five 
iihti  twenty  five  years,  is  characterized  by  the  deposit  in  the  choroid 
It  ml  iris  tissue  of  small  nodules  of  lubt^rcular  material,  in  which,  it 
In  Ml  it  I,  the  tulxTcle  bacillus  may  be  found.  It  is  primary-  or  sec- 
niiilnrv,  unilateral  or  bilateral.  The  inflammation  is  chronic,  with 
nbmulant  exudation,  and  leads  to  }x^rforation  of  the  coats  and 
to  degeneration  of  the  entire  globe.  The  eye  may  be  the  only 
lite  i»l  tubenular  injivtion,  but  is  mort*  often  the  local  expression 
ol  N\Memic  involvement.  OilTuseil  tubercular  iritis,  in  persons 
piedisposed  by  herwlilary  tendencies,  spreads  rapidly  into  the 
nthrr  tissues  of  the  eye.     The  eye  should  be  enucleated. 

Spongy  Iritis.— The  won!  "sjn^ngy"  refers  to  a  semi-trans- 
ptiient,  web  like  mass  of  libn^us  exudate,  collected  in  the  an- 
U\\\\\  I  hamber  during  a  jKriini  of  intense  a  ciiniy  of  the  inflam- 
mation. 'V\\c  mas>  may  ilevelop  in  a  few  hours.  Ii  is  a  com- 
plh»uion  ei|ually  ci^mmon  in  In^ih  syphiliiic  and  rheumatic  forms, 
M\\\  mduates  rather  intensity  than  kind  oi  iriiis. 

Svmvatlietic  Iritis  is  om-  oi  the  sym:»:v>m>  of  sympathetic 
^\pluhalmi.r 

Wio\viHhic  Iritis,  a  form  oi  inr.am:tia:i»>r.  iv^r  which  no  con- 
M.MM  *  ;uiM'  i.m  hv  as>is:ni-,i.  a:»:H\ir>  a>  a  ri>ui:  oi  c<lr..  l'\i*o- 
\\\\\\  o\  n\<'n**M;:al  irriVvilanvios.     1:  i>  r.v.  r.vv;:l:;r  ar.r.  >u':  ;i'c:  to 

j^ouitury    Iritis.-- rhi    iri>    is    :nv.  hc-r-    M\;n:iA-:!y    :.    :n- 

^  ^vu»Ji«*'«  o\  ::u   v.-r-to.  i:^:..;'":::..:.  ::    ■:  :":t   >:.;r...  :;;:::  •r>. 
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tissue,  the  clinical  symptoms,  and  the  consequences  upi^n  visii^n 
and  upon  the  function  of  the  eye  are  in  no  way  dissimilar  to  those 
of  primary-  iritis. 

Prognosis  of  Iritis. — The  average  duration  of  attacks  oi 
acute  primary*  iritis  is  from  four  to  six  weeks.  The  value  of  tivat- 
ment  is  shown  by  the  preservation  of  a  useful  eye  rather  than 
by  shortening  the  duration  of  the  inflammation.  The  relapses  to 
which  chronic  iritis  is  predisposed  lead  to  permanent  degeneration 
of  the  uveal  tract. 

Diagnosis. — A  careful  study  of  the  symptoms  will  generally 
lead  to  a  correct  diagnosis.  The  two  diseases  with  which  iritis 
may  be  confounded  are  acute  conjunctivitis  and  glaucoma.  The 
differential  points  between  iritis  and  acute  conjunctivitis  may  be 
tabulated  as  follows : 

Iritis  (Irhx^^'vclitis).  Acute  0>nji'ni.tivitis. 

No  discharge.  Mucous    or    niuco-])urulent    dis- 
charge. 

Acute  i)ain  and  fri)ntal  neuralgia.  Scratching  and  i)urning  sensiition. 

Pericorneal  injection.  Supert'icial  conjunctival  injection. 

Pupil  contracted  and  sluggish;  pos-  Pupil  normal,  responds  to  light. 

terior  synechia*. 

Vision  impaired.  \'ision  unatTccte<l. 

Ciliary  region  painful  to  pressure.  Kye  not  sensitive  to  pressure. 

The  differential  diagnosis  between  iritis  and  glaucoma  will  be 
found  on  page  302.  The  symptoms  of  keratitis  are  not  unlike 
those  of  iritis,  but  the  marks  of  ulceration  and  the  opacities  on 
the  cornea,  and  in  some  cases  the  presence  of  corneal  vascularity, 
as  opposed  to  the  structural  changes  in  the  iris,  decide  the  diag- 
nosis. 

The  Sequels  of  Iritis. — Some  cases  of  iritis  recover  per- 
fectly and  leave  no  trace,  others — and  they  constitute  the  major- 
ity— leave  permanent  marks  that  may  reduce  or  entirely  efface  the 
function  of  the  eye.  The  most  common  of  the  se(|uels  is  posterior 
synechia-.  One  or  two  permanent  synechiie  interfere  with  normal 
iris  m()vcment>,  and  give  cause  for  irritation  of  the  iris  and  the 
ciliary  bcxjy,  and,  indeed,  relapses  of  inilammation  in  those  struc- 
tures, each  allaik  increasing  the  damage  to  the  eye.  The  pupil  is 
irregular  and  dilales  unevenly. 
16 
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Complete  posterior  or  annular  synechiae  mlenupt  the  com- 
munication between  the  posterior  and  anterior  chamber  through 
which  the  major  part  of  the  lymph  of  the  interior  of  the  eye  should 
pass*  Excessive  exudation  not  only  binds  the  iris  to  the  Icdb  cap- 
sule^  but  completely  fills  the  pupillary  area,  resulting  in  occhiston 
0}  ike  pupil.  The  tension  is  gradually  raised,  the  iris  between  the 
pupLl  and  periphery  bellied  forward  fiVis  bombi),  and  secondary 
glaucoma  is  induced. 

The  late  sequels  are  atrophy  of  the  iris,  amiihilation  of  the 
posterior  chamber,  opacity  of  the  lens  and  capsule,  and  ultimate 
degeneration  and  softening  of  the  eyeball. 


Fig.  i37» — ^Ankular  Postehior  Synechia,  with  Occlusion  or  PuFO,  *^o 
Iris  BoMst. — (Deaver.) 


Local  Treatment.— A tropm  or  some  other  mydriatic  is  in- 
dispensable to  the  successful  treatment  of  iritis.  It  should  be 
instilled  as  soon  as  the  diagnosis  is  made,  continued  throughout 
the  course  of  the  inflammation,  and  stopped  only  when  the  red- 
ness of  the  ball  has  disappeared.  Of  all  the  mydriatics,  atropin 
is  the  best  for  prolonged  use*  A  solution  of  the  strength  of  from 
2  to  6  grains  to  the  ounce  should  be  dropped  into  the  conjunctival 
sac  every  two  or  three  houre  until  full  effect  is  secured,  when  the 
intervals  between  the  instillations  may  be  lengthened*  The  dilat- 
ing power  is  increased  by  the  addition  of  cocain. 
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TJie  extent  to  which  atropin  will  dilate  the  pupil  in  iritis  will 
depend  largely  upon  the  degree  of  infiltration  of  the  iris.  If  the 
margin  of  the  iris  is  drawn  away  from  the  anterior  capsule,  the 
atropin  is  doing  its  work  fully.  To  increase  the  strength  of  the 
mydriatic  in  the  hope  that  the  pupil  will  be  dilated  to  the  full 
physiologic  limit  may  produce  systemic  poisoning.  Its  effect  in 
breaking  off  adhesions  is  increased  by  the  use  of  mercury. 

Atropin  paralyzes  the  sphincter  pupilhe,  stimulates  the  S3rm- 
pathetic  nerves,  and  reduces  the  caliber  of  the  arteries,  thus  di- 
minishing the  volume  of  the  iris  and  lessening  the  inflammation. 
It  paralyzes  the  ciliary  muscle,  puts  the  eye  at  rest,  and  reduces 
congestion  throughout  the  entire  uveal  tract.  The  passage  of  the 
solution  through  the  nasal  duct  may  be  prevented  by  everting  the 
punctum  lacrymalis  for  a  few  moments  after  each  instillation. 
To  meet  special  indications,  other  mydriatics  may  be  substituted 
for  atropin. 

Hot  Water  Bathing. — Bathing  the  eye  with  water  as  hot  as 
can  be  borne  for  five  minutes,  and  repeated  every  three  hours 
or  oftener,  is  a  valuable  therapeutic  measure.  With  a  cotton 
pad,  or  preferably  several  thicknesses  of  Unt,  the  patient  car- 
ries the  water  in  contact  with  the  closed  Hd  and  the  parts  im- 
mediately adjacent.  Superficial  inflammation  of  the  skin  from 
the  effect  of  the  heat  is  avoided  by  annointing  the  parts  with 
vaselin.  The  application  of  heat  stimulates  circulation  by  pre- 
venting venous  engorgement  and  contracting  the  arterial  walls, 
and  thus  forces  the  stagnant  blood  into  the  circulation.  The 
mydriatic  action  of  atropin  is  favored  also  by  hot  water,  bathing 
the  eye  for  a  few  minutes  before  and  after  each  instillation.  The 
synechiae  which  resist  the  atropin  alone  will  sometimes  )deld  to 
the  combination.  Again,  hot  water  probably  favors  the  absorp- 
tion of  the  exudate. 

Blood-letting. — The  action  of  the  mydriatic  is  greatly  aug- 
mented by  the  withdrawal  of  blood  from  the  temple  by  means  of 
leeches  or  the  Heurteloupe  applied  to  the  temple  and  to  the  lower 
lid.  The  objection  to  the  use  of  leeches  in  the  latter  situation  is 
the  ecchymosis  following  their  bites,  but  more  immediate  and 
greater  therapeutic  results  may  follow  the  application  of  one 
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leech  near  the  ciliary  border  of  the  lower  lid  than  three 
or  four  to  the  temple.  The  leeching  may  be  repeated.  Should 
chemosis  be  intense,  the  conjunctiva  should  be  incised  or  punc- 
tured. Blood-letting  by  opening  a  vein  in  the  arm  is  perhaps 
equally  useful. 

Subconjunctival  injections  of  5  to  10  minims  of  physiologic 
salt  solution  are  of  value  in  stimulating  the  absorption  of  the 
plastic  exudate  and  in  relieving  the  pain.  They  may  be  repeated 
every  second  or  third  day. 

Constitutional  Treatment. — As  more  than  50  per  cent,  of 
the  cases  of  iritis  are  found  in  syphilitics,  energetic  and 
active  specific  treatment  is  indicated.  Mercur)'^  and  potassium 
iodid  carried  to  their  physiologic  limits  arc  the  remedies  upon 
which  dependence  must  be  placed.  Next  to  hypodermic  injec- 
tions the  quickest  method  of  bringing  the  patient  under  the  in- 
fluence of  mercur)^  is  that  of  inunctions  of  the  ointment.  One 
dram  of  mercurial  ointment  is  rubbed  into  the  skin  two  or  three 
times  daily,  until  the  gums  become  slightly  tender  and  swollen. 
In  urgent  cases  the  inunction  may  be  supplemented  by  calomel, 
gr.  Y^^  every  hour,  or,  when  the  former  is  inconvenient,  hydrarg. 
cum  creta  or  hydrarg.  protiodid  may  be  substituted.  A  small 
quantity  of  powdered  opium  will  prevent  diarrhea.  Symptoms 
of  ptyalism  demand  cessation  of  the  mercur}'  and  the  adminis- 
tration of  potassium  or  sodium  iodid.  The  iodid  may  be  con- 
veniently ordered  in  the  saturated  solution,  in  which  one  drop 
contains  nearly  one  grain  of  the  salt.  It  should  be  pushed  to 
the  point  of  toleration.  The  salt  is  more  rapidly  absorbed  when 
well  diluted  with  water.  Later  in  the  course  of  the  aflfection  the 
treatment  consists  in  protiodid,  biniodid,  or  bichlorid  of  mercurj', 
potassium  iodid,  with  the  addition  in  cases  of  anemia  of  the  car- 
bonate of  iron.  After  apparent  complete  recovery  treatment 
should  be  continued  interruptedly  for  several  years.  Attention 
should  be  given  to  the  diet  and  general  hygienic  measures. 

The  treatment  of  hereditary  syphilitic  iritis  must  be  mainly 
that  of  the  underlying  disease.  Mercury,  iodid,  and  other  altera- 
tives are  always  indicated,  and  locally  hot  water  bathing  and 
atropin.     Since  the  disease  occurs  most  frequently  in  children, 
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special  importance  attaches  to  good  food,  fresh  air,  sunUght,  and 
the  best  possible  environment. 

Treatment  of  Rhetunatic  Iritis. — ^The  local  treatment  de- 
scribed under  the  head  of  syphilitic  iritis  applies  equally  to 
rheumatic  iritis. 

The  systemic  remedy  that  is  most  frequently  and  advantage- 
ously employed  is  salicyUc  acid  or  one  of  its  salts,  in  15-grain 
doses  every  three  hours  until  the  physiologic  effect  is  produced, 
when  the  quantity  should  be  lessened.  Chronic  cases,  unaffected 
by  the  salicylates,  are  greatly  benefited  by  repeated  diaphoresis 
induced  by  the  hot  bath  and  pilocarpin,  followed  by  the  alkalies 
and  tonics,  and  mercury  and  iodids  in  small  doses.  In  the 
gouty  diathesis  colchicum  is  indicated. 

The  treatment  of  so-called  idiopathic  iritis  is  principally  local; 
of  gummatous  iritis,  that  of  syphilitic  iritis  without  gumma,  the 
indications  for  specific  remedies  being  the  same  in  either  case. 

Serous  Iridocyclitis  {Serous  Iritis,  Punctate  Keratitis,  Des- 
cemitis)  is  characterized  by  increase  in  the  fluid  contents  of  the 
anterior  chamber  and  deposit  upon  the  poste- 
rior surface  of  the  cornea  of  small  spots  of  ex- 
udation. 

These  deposits  are  isolated,  arranged  in 
triangular  form,  with  the  apex  directed  up- 
ward, and  are  confined  to  the  membrane  of 
Descemet.    Later  the  deepest  layers  of  the    yig.   138.  —  Punc- 

comea  may  become  striated  by  infiltration  of       tate  Deposits  on 

Descemet'sI^eM'* 
small  round  cells,  the  aqueous  humor  cloudy,        brane. 

the  color  of  the  iris  slightly  changed  from  the 
normal,  the  pupillary  response  to  the  usual  stimuli  sluggish 
although  not  entirely  in  abeyance,  and  the  vitreous  clouded  by 
opacities.  Occasionally  a  few  isolated  synechiae  are  present, 
easily  ruptured  by  the  action  of  atropin.  The  nerve  and  retina, 
although  indistinctly  seen,  present  no  sign  of  disease.  The  ten- 
sion is  sometimes  above  normal. 

Symptoms. — The  most  prominent  symptom  is  deterioration 
of  vision.  There  is  also  ciliary  injection,  lacrimation,  photophobia, 
sliglit  sensitiveness  on  pressure  over  the  ciliary  region,  and  oc- 
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casional  pholopsia.  The  signs  of  inflammation  are  not  pro- 
nounced. 

The  Etiology  of  the  disease  is  obscure.  It  is  essentially 
chronic,  continuing  from  three  to  six  months,  is  seen  in  young 
adults,  principally  among  women,  and  is  not  connected,  so  far  as 
is  known,  with  diseases  of  other  organs,  although  not  infrequently 
associated  with  anemia-  In  cases  of  injury  it  may  be  an  early 
indication  of  sympathetic  ophthalmia* 

Treatment* — Syrup  of  the  iodid  of  iron,  iodid  of  potassium, 
and  tonics  arc  recommended*  A  tropin  should  be  used  with 
caution^  owing  to  the  possibility  of  increase  in  the  intraocular 
tension*  Symptoms  of  glaucoma  are  counteracted  by  paracentesis 
of  the  cornea* 

Chronic  Iritis.— Relapsing  or  recurrent  attacks  of  inflamma- 
tion lead  to  a  clironic  low-grade  iritis  that  is  attended  with  struc* 
ttiral  changes  in  the  anterior  section  of  the  globe.  Firm  posterior 
synechise  fomij  the  pupillary  area  of  the  capsule  loses  its  trans- 
parency and  becomes  thick  and  tough,  the  iris  atrophied,  and  the 
lens  opaque.  The  degenerative  process  extends  in  many  cases 
backward  to  the  choroid  and  retina. 

Causes, ^Relapsing  iritis  is  due  to  chronic  syphilis,  the  rheu- 
matic and  gouty  diathesis,  diabetes,  the  presence  of  foreign  bodies 
within  the  ball,  and  sympathetic  ophthalmia* 

Symptoms,— The  symptoms  are  those  of  acute  iritis,  modified 
in  degree  of  severity,  and  consist  of  partially  opaque  cornea,  shallow 
anterior  chamber,  annular  and  posterior  synechise,  capsular 
cataract,  sensitiveness  over  the  ciliary  body,  and  high,  followed 
by  low,  tension.  Vision  becomes  reduced  to  the  perception  of 
light* 

Treatment,— Medicinal  or  operative  measures  are  of  little 
avail  after  the  stage  of  degeneration.  Early  in  the  affection  much 
may  be  accompOshed  by  energetic  treatment  by  mercury,  potas- 
sium iodidj  atropin,  and  subconjunctival  injections  of  salt  solu- 
tions, or  iridectomy. 

The  operation  of  iridectomy  is  indicated  in  all  cases  of  com- 
plete annular  synechia  and  occlusion  of  the  pupil,  to  reestablish 
the  passage  for  excretory  fluids,  to  prevent  secondary  glaucoma, 

'  finally  to  improve  vision  by  the  creation  of  a  new  pupiL 
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Iridectomy. — The  operation  for  the  formation  of  a  new  pupil 
or  for  annular  synechia  is  identical  with  that  described  under 
cataract  (page  332),  with  the  exception  that  the  corneal  incision 
is  smaller,  and  is  made  with  an  angular  keratome.  (See  Fig. 
164.)  The  cut  should  be  made  exactly  in  the  corneal  border,  its 
extent  depending  upon  the  size  of  the  coloboma  desired. 

Tumors  of  the  Iris. — Cysts  are  congenital,  or  are  the  result 
of  punctured  wounds  of  the  iris  by  which  the  epithelial  covering 
of  the  anterior  surface  becomes  distended  with  fluid.  The  cyst 
thus  formed  increases  slowly  in  size,  and  occupies  a  third  or  even 
more  of  the  anterior  chamber.  It  is  gray,  round,  smooth,  and 
seldom  subdivided  into  smaller  cysts.  The  lens  may  become 
dislocated  backward,  the  excretory  angle  of  the  anterior  chamber 
closed,  and  the  iris  adherent  to  the  lens  capsule.  Should  the 
tumor  rest  for  a  long  time  in  contact  with  the  cornea  the  latter, 
loses  its  transparency. 

The  cyst  should  be  removed  before  it  attains  a  dangerous  size. 
Through  an  incision  in  the  cornea,  made  at  a  convenient  place  in 
its  periphery,  the  cyst  is  perforated  and  its  contents  permitted  to 
escape  outside  of  the  anterior  chamber.  The  cyst,  together  with 
the  underlying  iris,  is  drawTi  out  and  excised.  If  the  iris  is  not 
included,  recurrence  is  probable  from  the  retention  of  a  few  of  the 
epithelial  cells  from  which  the  tumor  originally  sprang. 

Sarcoma  appears  as  a  pigmented,  nodular  growth  arising 
from  the  meshes  of  the  iris.  It  may  be  quiescent  for  months  or 
years,  or  rapidly  invade  adjoining  tissues.  If  seen  early  it  should 
be  removed  by  a  broad  peripheral  iridectomy;  if  late,  the  proper 
treatment  is  enucleation  of  the  ball.    The  primary  form  is  rare. 

Fibroma  may  follow  an  injury  of,  or  operation  on,  the  iris. 
The  connective  tissue  of  the  iris  becomes  hypertrophied  until 
a  small  circumscribed  hard  tumor  is  formed.  Microscopically 
fibroma  consists  of  connective  tissue,  cells,  muscular  fiber,  and 
vessels.  Although  benign  in  nature,  its  removal  by  iridectomy 
is  recommended  in  order  that  mechanically  it  will  not  disturb 
the  function  of  the  eye  or  induce  secondary  glaucoma. 

Myosarcoma^  vascular  tumors,  and  carcinoma  are  occasionally 
found  in  the  iris. 
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Injuries  of  the  Iris. — Blows  upon  the  ball  or  its  neighbor- 
hood of  sufficient  violence  will  produce  rupture  of  the  iris  at  its 
ciliary  attachment.  (See  page  268.)  Iridodialysis  is  a  rupture  at 
the  pupillary  border  or  in  the  continuity  of  the  iris.  In  injuries 
which  involve  rupture  of  the  sclera,  the  iris  is  sometimes  found 
lying  in  the  wound.  The  iris  is  frequently  cut  and  torn  by  sharp 
instruments  that  are  thrust  into  the  eye.     (See  page  255.) 

Diseases  of  the  Ciliary  Body. 

The  structure  of  the  ciliary  body  is  identical  with  that  of  the 
iris  and  choroid,  and  diseases  which  affect  one  are  apt  to  affect 
the  others,  either  primarily  or  through  secondary  involvement. 

Cyclitis.— Iritis  is  seldom  unassociated  with  cyclitis,  and, 
conversely,  inflammations  of  the  ciliary  body  usually  extend  to 
.the  iris.  The  injection,  the  lacrimation,  and  the  other  minor 
symptoms  are  found  in  both,  but  the  primarj'  disease  of  the  ciliar}^ 
body  is  distinguishable  from  primarj'  iritis  by  opacities  of  the 
\'itreous,  greater  sensitiveness  over  the  ciliarj^  region,  and  less 
discoloration  of  and  exudation  into  the  iris.  It  is  probable  that 
all  the  tissues  of  the  ciliary  body  become  involved  in  cyclitis  just 
as  those  of  the  iris  do  in  iritis.  A  continued  inflammation  results 
in  the  agglutination  of  the  parts,  and  a  partial  destruction  of  the 
contractile  power  of  the  muscle.  The  exudation  is  not  limited 
to  the  ciliarj'  body,  but  is  found  in  the  anterior  portion  of  the 
\ntreous.  The  vitreous  humor  loses  its  jelly-like  consistency, 
and  its  trabeculae  become  broken  down,  opaque,  and  possibly 
hj-pertrophied. 

Phthisis  Bulbi  {Atrophy  0}  the  Glohe). — In  long-continued 
inflammatory  processes  in  the  iris  and  ciliary  body,  the  result  of 
repeated  acute  attacks  or  from  the  lodgment  of  foreign  bodies, 
the  tissues  of  the  eyeball  lose  their  normal  characteristics  and  be- 
come changed  by  thickening  and  atrophy.  As  the  contents  of 
the  eye  shrink,  the  sclera  becomes  hypertro|)hied  and  loses  its 
spherical  form.  The  pressure  of  the  four  straight  muscles  re- 
duces the  diameters  of  the  globe,  the  cornea  becomes  opaque  and 
shriveled,  the  iris  tissues  atrophied  and  adherent  to  both  cornea 
and  lens,  the  ciliar}*  body  reduced   to  a  fibrous  band,  the  lens 
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opaque,  the  vitreous  shrunken,  the  retina  detached,  and  the 
choroid  replaced  by  calcareous  formations. 

Symptoms. — ^Absolute  and  incurable  blindness,  sensitiveness 
of  the  eyeball  on  pressure,  and  frequent  spontaneous  pain  are  evi- 
dences of  the  transformation  going  on  in  the  interior  of  the  globe. 
Eyeballs  that  have  been  phthisical  for  many  years  usually  contain 
a  shell  of  bone  in  the  original  site  of  the  choroid. 

Treatment. — Enucleation  should  be  performed  as  soon  as 
the  blindness  is  hopeless. 

Tumors. — The  ciliary  body  may  be  the  seat  of  malignant 
new  growths,  such  as  sarcoma  and  mclanosarcoma,  or  it  may 
become  involved  by  extension  from  the  iris  and  choroid.  In  the 
early  stages  the  diagnosis  is  uncertain,  but  when  the  growth  has 
extended  inward,  and  can  be  studied  by  oblique  illumination  or 
the  ophthalmoscope,  or  has  produced  ciliary  staphyloma,  the  diag- 
nosis is  manifest.  Vision  becomes  totally  lost  and  the  form  of 
the  eyeball  altered.  Enucleation  should  be  performed  as  early 
as  practicable. 

Staphyloma  of  the  sclera  in  the  ciliary  region  is  the  result  of 
ciliary  tumors  or  wounds.  The  pigment  of  the  ciliary  body  shows 
through  the  distended  sclera.     The  function  of  the  eye  is  lost. 


CHAPTER  IX. 

WOUNDS  AND   INJURIES.   ^SYMPATHETIC  IRRI- 
TATION AND  SYMPATHETIC  INFLAMMATION. 

Wounds  and  Injuries. 

The  eyeball  is  to  a  large  extent  protected  from  injury  by  the 
walls  of  the  orbit,  the  eyelids,  and  the  eyelashes,  although  the 
exposed  condition  of  the  cornea,  and  to  a  less  extent  of  the  con- 
junctiva, renders  these  membranes  and  the  eye  itself  susceptible 
to  damage  from  impact  of  foreign  substances.  The  sources 
of  the  injuries  are  manifold,  and  include  intense  heat,  bums, 
cauterization  by  chemical  agents,  concussion,  contusion,  the  pene- 
tration of  sharp  instruments,  and  the  entrance  and  retention  of 
foreign  bodies. 

Injuries  of  the  Conjunctiva  follow  the  lodgment  of  foreign 
bodies,  bums,  or  incised  and  lacerated  wounds.  The  wounds 
should  be  cleaned,  and,  if  necessary,  the  edges  brought  together 
by  sutures  under  cocain  anesthesia.  Healing  is  favored  by  cold 
applications  and  mild  antiseptic  washes. 

Ecchymosis,  or  hemorrhage  beneath  the  conjunctiva,  is  spon- 
taneous or  the  result  of  direct  violence.  Prolonged  or  extensive 
ecchymosis  is  one  of  the  signs  of  rupture  of  the  sclera.  In  no 
case  should  ophthalmoscopic  examination  be  omitted.  The  blood 
beneath  the  conjunctiva  is  absorbed  in  two  or  three  weeks  without 
treatment. 

Foreign  Bodies. — Foreign  bodies,  such  as  cinders,  dust,  in- 
sects, sand,  eyelashes,  and  beards  of  grain  lodge  in  the  lower 
part  of  the  sac  or  on  the  palpebral  surface  of  the  upper  hd.  They 
rest  upon  the  membrane  or  bur}-  themselves  a  short  distance  in 
the  epithelium,  and  give  rise  to  irritation,  profuse  lacrimation,  and 
pain  with  every  movement  of  the  lids  or  ball.  They  are  readily 
removed  by  a  wisp  of  cotton  from  the  everted  lid.     The  symptoms 

250 


BURNS.  251 

persist  for  a  time  after  their  cause  has  been  removed.    A  few 
drops  of  cocain  followed  by  cold  water  bathing  give  relief. 

A  splinter  of  wood,  piece  of  stone,  shot,  or  other  foreign 
substance  that  remains  in  the  sac  for  some  time  will  be  covered 
by  a  growth  or  hypertrophy  of  conjunctiva  resembling  a  granu- 
lation. The  tumor  containing  the  foreign  body  should  be  snipped 
oflf  and  its  base  touched  with  a  mild  cauterant. 

Bums. — Lime,  mortar,  the  mineral  acids,  concentrated  alka- 
lies, steam,  hot  water  or  oil,  sparks,  and  molten  metal  destroy 
the  epithelial  covering  of  the  conjunctiva.  Strong  acids  and  alka- 
lies, if  not  immediately  neutralized  or  removed,  bum  into  the 
basement  membrane  and  underlying  tissue.  The  result  of  the 
injury,  therefore,  depends  upon  the  degree  of 
concentration  of  the  offending  material  and  the 
duration  of  contact.  The  entrance  of  mortar 
or  other  solution  of  lime  into  the  conjunctival 
sac  is  always  a  serious  accident.  The  degree 
of  permanent  damage  seems  disproportionately 
great  as  compared  with  the  congestion,  swell-  Solder  Removed 
ing,  and  pain  apparent  shortly  after  the  injurj'.  junctiv^Sac?^" 
In  extensive  bums,  implicating  both  the  pal- 
pebral and  bulbar  conjunctiva,  the  adhesion  of  the  two  denuded 
surfaces  and  their  ultimate  contraction  may  almost  entirely  oblit- 
erate the  conjunctival  sac  and  limit  the  action  of  the  ocular 
muscles  (symblepharon).  Extensive  bums  usually  implicate  the 
comea,  and  lead  to  sloughing  and  perforation.  Bums  from 
molten  lead  are  less  serious.  The  soft,  hot  metal  enters  the 
conjunctival  sac,  and  may  become  moulded  to  the  form  of  the 
surface  of  the  eyeball  and  lid  (Fig.  139).  The  moderate  amount 
of  damage  in  such  cases  is  due  to  the  rapid  evaporation  of  fluid 
by  the  intense  heat,  and  the  creation  of  a  cushion  of  steam  which 
protects  the  surface  from  destruction. 

The  symptoms  of  bums  are  those  of  acute  conjunctivitis — 
namely,  photophobia,  congestion,  lacrimation,  and  a  thin  mucous 
discharge.  The  burnt  surfaces  present  a  pearl-colored  film  of 
destroyed  epithelium  which  marks  the  subsequent  slough. 

Treatment. — Burns  from  chemical  substances  and  from  hot 
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metals  are  instantaneous,  and  the  damage  is  done  before  treat- 
ment can  be  instituted,  but  prompt  and  efficient  remedies  wjJl 
limit  the  inflammation  and  help  to  prevent  subsequent  cicatriza- 
tion. The  conjunctival  sac  should  be  thoroughly  flushed  with 
cold  water,  and  exery  particle  of  foreign  substance  washed  away. 
For  lime  or  mortar  burns,  a  weak  solution  of  acetic  acid  (vinegar)^ 
and  for  acid  burns,  a  solution  of  bicarbonate  of  sodium  (baking 
soda)^  may  be  employed.  Should  the  flushing  not  thoroughly 
clean  the  sac,  a  camelVhair  brush  or  cot  ton -wrapped  probe 
dipped  in  oil  should  be  applied  to  the  burned  surface*  Inflam- 
mation is  held  in  check  by  ice  compresses  and  antiseptic  washes, 
and  adhesions  between  the  ball  and  lid  avoided  as  far  as  possible 
by  free  instillations  of  olive  oil  or  fluid  vaselin  and  the  frequent 
use  of  a  probe  lo  break  up  the  forming  attachments.  The  intro- 
duction of  gold-beater's  skin  between  the  inflamed  surfaces  may 
help  to  prevent  their  union.  These  measures  are  of  value  in  small 
bums*  but  are  ineffective  if  the  necrosed  area  is  extensive. 
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sometimes  burnt  by 
lightning.  The  effect 
of  the  stroke  is  lo  bum 
deeply  the  membrane 
in  a  sharp,  weU-defined 
patch*  The  cornea  and 
other  structures  of  the 
eye  are  simultaneously 
affected. 

Symblepharon. — 
Firm  cicatricial  attach- 
ments between  the  ocu- 
lar and  palpebral  conjunctiva,  or,  more  strictly^  an  amalgama- 
tion of  these  membranes,  invariably  follow  extensive  bums.  After 
the  acute  symptoms  have  subsided  some  form  of  plastic  operation 
will  l>e  required.  Division  of  the  symblepharon  is  always  followed 
by  recurrence  unless  the  denuded  area  on  the  eyeball  is  covered 
by  conjunctiva  or  skin  grafts. 

TnatmmL—A  small  attachment  may  be  divided,  and  the  cut 
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edges  of  the  bulbar  conjunctiva  drawn  together  over  the  raw 
surface.  If  the  exposed  area  is  large,  the  operation  suggested 
by  Teale  may  be  employed,  which  consists  in  covering  the  denuded 
tissue  by  conjunctiva  drawn  from  the  neighboring  sclera  and 
stitched  into  place.  In  the  treatment  of  large  sjTnblepharon, 
epithelial  layers  of  skin  or  mucous  membrane  are  often  resorted 
to.  The  implantation  of  skin  grafts  by  the  Thiersch  method 
has  been  generally  superseded  by  the  epithelial  lip  grafts  as  sug- 
gested by  Gifford. 

A  selected  portion  of  the  lining  membrane  of  the  lip,  anesthe- 
tized by  cocain,  is  held  in  a  fenestrated  forceps,  and  a  thin  layer, 
embracing  the  epithelium  and  a  little  of  the  deeper  tissue,  is 
removed  by  a  sharp  razor  while  the  tissues  are  being  flooded 
with  salt  solution.  The  graft  is  carried  directly  to  the  eye,  slid 
from  the  razor  to  the  raw  surface  which  has  been  freed  from 
blood,  and  pressed  firmly  in  place  with  cotton  swabs,  moistened 
with  normal  salt  solution.  If  the  palpebral  conjunctiva  is  to  be 
replaced,  the  section  should  be  cut  nearly  twice  as  thick  as  that 
intended  for  the  bulbar  conjunctiva.  The  graft  is  allowed  to  dry, 
the  lids  are  closed,  and  a  binocular  bandage  applied  and  retained 
for  twenty-four  hours.  The  eye  operated  upon  is  then  bandaged 
for  several  days  more. 

Hotz  suggests  that  the  graft  be  narrower  in  the  horizontal 
direction  than  the  area  to  be  covered,  since  the  lateral  rotation 
of  the  globe  will  tend  to  displace  it  and  to  crowd  it  toward  the 
angle  of  the  commissure.  In  large  grafts  fine  silk  sutures  may 
be  used  with  advantage  to  secure  its  edges  firmly  to  the  adjoining 
healthy  conjunctiva.  The  same  purpose  will  be  served  by  dis- 
secting up  the  healthy  conjunctiva  and  tucking  the  graft  beneath  it. 

Injuries  to  the  Cornea. — Erosion  may  follow  a  superficial 
tear  by  a  leaf  or  twig,  a  scratch  of  a  finger-nail,  or  the  lodgment 
of  a  foreign  body.  The  ulcer  is  transparent,  shary^ly  defined,  and 
presents  an  irregularity  in  curve  and  reflex  when  compared  with 
the  healthy  cornea.  It  is  stained  a  light  green  color  by  a  solution 
of  fluorcscin.  The  accident  gives  rise  to  sudden  sharp  pain, 
photophobia,  lacrimation,  and  the  sensation  of  a  foreign  body. 
In  the  course  of  a  few  hours  the  epithelium  is  renewed,  and  the 
symptoms  subside  under  frucjuent  cleansing  with  an  antiseptic 
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solution,  the  use  of  holocain,  cold  water  bathing,  and  rest  and 
protection  of  the  eyes  from  light*  A  less  favorable  termination  is 
to  be  expected  after  infection  of  the  wound,  either  by  the  offending 
substance  or  subsequently  to  its  eBlrance.  In  such  cases  the 
traumatic  ulcer  may  spread  and  result  in  perforation  and  serious 
impairment  of  sight.  It  should  be  treated  as  an  infected  corneal 
ulcen 

Relapsing  Keratitis. — A  small  proportion  of  apparently  slight 
injuries  are  serious  because  the  wound  refuses  to  heal  perma- 
nently* The  epithelium  is  renewed,  but,  either  from  inflamma- 
tion of  the  corneal  terminations  of  the  nerv^es,  anatomic  imper- 
fection of  ihe  new  epiUielium,  or  the  presence  of  germs,  the  alTection 
relapse  after  a  few  days  or  weeksj  with  return  of  all  the  early 
symptoms.  The  epithelium  is  again  lost,  or  the  original  site 
becomes  the  starting-point  of  small  cysls.  A  compress  bandage, 
worn  until  the  ulcer  is  6nnly  healed,  atropin,  and  hot  water 
bathing  constitute  the  treatment.  In  case  of  more  than  one 
recurrence,  the  galvanic  cauter>*  may  be  lightly  applied  to  the 
site  of  the  injur>% 

Bums. — The  cornea  is  frequently  implicated  in  extensive 
bums  of  the  exposed  jx>rlion  of  the  ball,  the  injur)^  varjnng  from 
a  superficial  whitening  of  the  epithelium  to  an  extensive  sloughing 
and  destruction  of  the  membrane  followed  by  panophthalmitis. 
The  treatment  is  similar  to  that  outlined  for  burns  of  the  con- 
junctiva. In  superficial  bums  the  destroyed  epithelium  is  soon 
replaced,  and  vision  is  only  temporarily  affected.  Deep  necrosis 
is  always  followed  by  permanent  scarring.  Infection  of  the  de- 
nuded area  is  to  be  treated  as  described  under  ulceration. 

Foreign  Bodies. — Iron  or  steel,  cinders,  sand,  emery,  and 
other  fine,  hard  particles,  flying  with  sufficient  force,  become 
imbedded  in  the  epithelium.  Simultaneously  with  the  entrance 
of  the  foreign  body,  sharp  pain  is  felt,  the  conjunctiva  and  peri- 
corneal vessels  become  injected,  and  lacrimation  with  photophobia 
are  excessive.  Usually  the  diagnosis  can  be  made  with  the  naked 
eye,  but  oblique  illumination  is  often  requiR'd,  particularly  if  the 
foreign  body  is  situated  in  the  pupillary  area,  A  drop  of  a  4 
per  cent,  solution  of  cocain  will  relieve  the  pain  in  a  few  minuleS| 
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Fig.  i4t,— Spuo  for  RiitoviifG  Foa^ 
EiGN  Bodies  fhqm  the  Cornea. 


and  while  the  eye  is  anesthetic  the  foreign  body  may  be  brushed 
away  with  a  wisp  of  cotton  on  the  end  of  a  probe  or  matchstick, 
A  deeply  imbedded  substance  should  be  removed  by  a  sterilized 
spud  J  with  as  Uttle  disturbance  as  possible  of  the  adjacent  epithe' 
lium.  Unskilful  attempts  to  dis- 
lodge foreign  bodies  have  been 
followed  by  permanent  opacities 
or  sloughing  of  the  cornea  and 
perforation.   After  removal  of  the 

body  the  wound  rapidly  heals  under  the  frequent  douching  of  the 
conjunctival  sac  with  an  antiseptic  solution. 

Iron  and  steel  and  emer>*  particles  imbedded  in  the  cornea 
for  several  hours  stain  the  cornea  a  dark-brown  color  at  the  point 
of  injury.  The  discoloration  may  be  mistaken  for  the  body 
itself. 

Powder 


graias, 
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from  exploding  firearms  or  fire-crackers, 
may  either  become  im- 
bedded  in  the  epithe- 
lium, in  the  deep  layer 
of  the  corneaj  or  pass 
through  the  anterior 
chamber  into  the  iris. 
As  they  are  sterile,  puru- 
lent inflammation  is  not 
to  be  feared.  They  may 
be  removed  from  the 
superficial  cornea  by 
the' spud,  or  touched  by 
the  fine  point  of  the  gal- 
vanocautery,  preferably 
by  the  latter;  but  if  they  have  perforated  the  cornea,  no  opera- 
tion for  their  removal  should  be  performed. 

Perforating  Wounds  of  the  Cornea,— Perforation  by  sharp 
instruments  or  irregularly  shaped  objects,  such  as  a  knife- 
blade,  scissors,  glass,  iron,  steel,  fragments  of  copper,  and  wood, 
makes  either  clear-cut  or  jagged  wounds.  The  aqueous  at  once 
escapes,  and  the  iris  is  carried  against  the  wound  in  the  cornea  or 
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prolapses  through  the  opening.^  Penetration  of  the  lens  capsule 
usually  results  in  rapidly  forming  cataract,  or  the  tear  in  the  cap- 
sule may  be  sufficiently  large  to  permit  fragments  of  the  lens 
to  escape  into  the  anterior  chamber. 

Symptoms. — Traumatic  perforation  of  the  cornea  gives  rise  to 
sharp  pain,  prolapse  of  the  iris,  escape  of  a  portion  of  the  intra- 
ocular fluids,  hemorrhage,  diminished  tension,  and  softness  of  the 
baU. 

TreatmenL — Strict  asepsis  must  be  obser\'ed.  The  wound 
should  be  cleansed,  the  edges  brought  in  apposition,  atropin 
instilled,  the  eye  bandaged,  and  absolute  rest  in  bed  enjoined. 
Large  corneal  and  conjunctival  wounds  should  be  sutured.  Small 
wounds  heal  if  the  edges  are  kept  in  apposition  by  a  pressure 
bandage.  The  sequels  are  proportionate  to  the  extent  of  the 
injury  and  the  tissue  secondarily  involved  in  the  traumatic  inflam- 
mation. Permanent  opacity  of  the  cornea  marks  the  site  of  the 
wound.  The  healing  of  large  wounds  is  followed  by  extensive 
scarring  and  irregularity  of  the  cur\'ature  of  the  cornea,  staphy- 
loma, anterior  synechia,  cystoid  cicatrices,  and  in  some  instances 
by  a  painful,  atrophied  ball. 

The  treatment  of  iris-prolapse  after  penetrating  wounds  of 
the  cornea  depends  upon  the  size  of  the  prolapse  and  the  interval 
that  has  elapsed  after  the  accident.  A  recent  small  prolapse  may 
be  replaced  by  gently  rubbing  the  cornea  through  the  upper  lid 
or  by  passing  a  spatula  between  the  edges  of  the  wound  and 
gently  forcing  the  feebly  incarcerated  iris  back  into  the  anterior 
chamber.  If  the  efforts  have  failed,  and  the  injury  is  recent, 
the  prolapsed  iris  should  be  excised,  and  the  cut  edges  replaced 
in  the  anterior  chamber  by  means  of  the  spatula.  Wounds  that 
are  not  seen  until  a  plastic  exudate  forms  about  the  prolapsed 
iris  are  to  be  treated  by  antiseptic  washes  and  a  pressure  bandage. 
Efforts  to  excise  or  replace  the  protruding  portion  at  this  time 
increase  the  irritation  and  should  not  be  attempted.  The  local 
treatment  is  to  be  continued  until  all  inflammation  has  subsided. 

Wounds  of  the  Sclera. — Loss  of  vitreous,  collapse  of  the 
ball,  and  hemorrhage  into  the  interior  of  the  eye  are  significant 
of  large  perforating  wounds  of  the  sclera.     Small  wounds  made 
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by  a  sharp  instniment  or  by  the  penetration  of  a  foreign  body 
may  be  the  entering-point  for  the  introduction  of  septic  material, 
followed  by  a  subsequent  purulent  inflammation  of  the  vitreous. 
Immediately  after  the  accident  the  wound  should  be  cleared  of 
any  prolapsed  choroid  or  ciliarj'  body,  and  the  conjunctiva  sutured 
over  the  opening  in  such  manner  that  the  edges  of  the  scleral 
wound  are  brought  into  apposition.  Pressure  upon  the  sclera  by 
speculum,  forceps,  or  needle  is  to  be  carefully  avoided.  Injections 
of  salt  solution,  antiseptic  pressure  bandage,  and  rest  in  bed  are 
useful  in  restoring  the  form  of  the  globe  lost  by  escape  of  a  large 
amount  of  vitreous,  and  in  preventing  subsequent  detachment  of 
the  retina  and  atrophy  of  the  ball.  The  bandage  may  be  allowed 
to  remain  undisturbed  for  several  days  unless  pain,  hemorrhage, 
or  signs  of  infection  appear. 

Wounds  of  the  ciliary  region  of  the  sclera  ("danger"  zone) 
involving  or  exposing  the  ciliary  body  are  serious  and  slow  in 
healing.  They  are  complicated  by  cyclitis,  and  followed  by  sec- 
ondary cataract,  secondary  glaucoma,  and  often  by  ciliary 
staphyloma.  Continuous  pressure  bandage,  thorough  asepsis, 
atropin,  rest  in  bed,  and  small  doses  of  calomel,  following  the 
local  surgical  methods  indicated  at  the  time  of  the  accident,  con- 
stitute the  treatment.  The  eye  should  be  kept  under  close  ob- 
ser\^ation  until  all  signs  of  irritation  have  subsided,  owing  to  the 
danger  of  sympathetic  disease. 

Foreign  Bodies  in  the  Eyeball. — Pieces  of  iron,  steel,  or 
copper,  fragments  of  glass,  stone,  or  coal,  splinters  of  wood,  and 
fine  shot,  striking  the  eye  with  sufficient  force,  penetrate  the  cornea 
or  sclera,  lodge  in  the  ball,  or  pass  through  it  into  the  orbit. 

Symptoms. — The  majority  of  foreign  bodies  that  penetrate 
the  eyeball  enter  the  cornea  or  sclera  near  the  corneoscleral 
junction.  The  immediate  symptoms  are  dimness  of  vision  from 
escape  of  the  aqueous,  hemorrhage  into  the  interior  of  the  eye, 
and  sharp  pain.  Large  bodies  may  so  lacerate  the  eye  that  sight 
is  at  once  lost. 

The  subsequent  symptoms  depend  upon  the  extent  of  the 
injur)'  and  the  structures  involved.  Penetration  of  the  lens  by 
a  foreign  body  results  in  either  localized  opacity  or  complete 
17 
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traumatic  cataract,  in  hemorrhage  or  opacities  in  the  vitreous, 
and  occasionally  in  detachment  of  the  retina.  In  progressive 
increase  in  the  opacity  of  the  lens,  vision  gradually  fails.  In 
hemorrhage  into  the  vitreous  or  detachment  of  the  retina  the 
loss  of  vision  is  sudden.  Deep-seated  foreign  bodies  give  rise  to 
no  pain. 

Diagnosis. — The  foreign  body  may  lodge  in  any  of  the  in- 
ternal tissues,  but  is  most  frequently  found  in  the  vitreous 
chamber.  When  situated  in  the  anterior  chamber  or  iris,  it  is 
sometimes  concealed  from  view  by  hemorrhage,  or  it  may  be  seen 
resting  on  the  floor  of  the  anterior  chamber  or  caught  in  the 
meshes  of  the  iris.  A  pigment  spot  on  the  iris  may  be  mistaken 
for  a  small  foreign  body,  particularly  if  situated  opposite  a  wound 
or  scar  on  the  cornea.  Occasionally  the  body  penetrates  the 
cornea  and  iris,  and  falls  to  the  bottom  of  the  posterior  chamber. 
The  body  may  cause  severe  reaction,  particularly  when  bacteria 
have  been  carried  into  the  anterior  chamber,  or  it  may  become 
encysted  without  producing  inflammatory  signs. 

Small  metaUic  particles  which  perforate  the  cornea  or  sclera 
and  lodge  in  the  lens  appear  under  oblique  illumination  as  shining 
extraneous  substances  or,  with  the  ophthalmoscope,  as  dark  masses 
in  the  midst  of  lenticular  opacities.  Usually,  however,  examina- 
tion is  not  made  until  the  lens  is  opaque  in  the  course  of  the  wound 
or  in  its  entire  extent,  and  the  diagnosis  must  depend  on  other 
means. 

Treatment. — Foreign  bodies  situated  in  the  anterior  cham- 
ber or  imbedded  in  the  iris  may  often  be  drawn  through  the  wound 
of  entrance  by  the  magnet.  If  the  corneal  wound  is  closed,  a 
new  incision  is  made,  adapted  to  the  easy  application  of  the  magnet. 
Should  the  magnet  fail,  a  fine  probe  may  be  entered  through 
the  corneal  opening  touching  the  metal,  and  the  probe  magnetized 
by  resting  one  end  against  the  magnet  while  the  current  is  turned 
on.  A  foreign  body  situated  in  the  posterior  chamber  or  imbedded 
deeply  in  the  iris  recfuires  the  removal  of  the  section  of  the  iris 
on  which  it  rests  or  which  conceals  it. 

A  quiescent  foreign  body  in  the  lens  may  be  allowed  to  remain 
indefinitely  or  may  be  removed  together  with  the  cataractous  lens. 
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During  the  extraction  of  the  lens  the  body  often  falls  into  the 
anterior  or  posterior  chamber,  from  which  it  may  be  extracted 
by  the  magnet. 

General  Diagnosis  of  Foreign  Bodies  in  the  Posterior  Seg- 
ment of  the  Globe. — It  is  essential  to  scientific  treatment  to 
determine  positively  the  presence  or  absence  of  foreign  bodies 
within  the  ball.  It  is  an  error  of  judgment  to  postpone  action 
until  the  exuded  blood  has  been  absorbed  or  the  inflanmia- 
tion  has  subsided.  During  the  valuable  time  thereby  lost  the 
wound  of  entrance  closes  and  the  body  becomes  imbedded  in  a 
firm  exudate  which  renders  the  attempt  at  extraction  difficult  and 
possibly  fatal  to  the  usefulness  of  the  eye. 

The  patient  should  be  questioned  as  to  the  probable  size  of 
the  body,  the  kind  of  work  on  which  he  was  engaged,  his  position 
at  the  time  of  the  injury,  and  if  a  fresh  fracture  was  noticed  on 
the  tools  with  which  he  was  working. 

Wound  oj  Entrance. — A  small  wound  of  the  cornea  with  a 
tear  in  the  iris  or  opacity  of  the  lens  is  almost  positive  indication 
that  the  foreign  body  has  passed  into  the  interior  of  the  eye  and 
has  been  retained.  Small  entrance  wounds  through  the  sclera 
are  difficult  to  find,  because  of  edema  and  congestion  of  the  con- 
junctiva or  ecchymosis. 

The  situation  of  the  wound  of  entrance,  and  the  presumed 
direction  the  missile  has  taken,  are  of  little  value  in  determining 
its  final  position,  because  its  momentum  may  drive  it  through 
the  vitreous  or  only  through  the  lens.  In  most  instances,  however, 
the  body  after  having  penetrated  the  coats  of  the  eye  falls  to 
the  bottom  of  the  vitreous,  frequently  close  to  the  ciliary  body. 

Siderosis. — The  rusty  brown  discoloration  of  the  iris  dependent 
upon  the  long-continued  residence  of  foreign  bodies  within  the 
ball  is  termed  **  siderosis. "  It  is  doubtful  if  much  reliance  can 
be  placed  on  this  diagnostic  sign,  as  severe  traumatic  cyclitis 
induces  similar  change  in  the  uveal  pigment. 

The  Ophthalmoscope. — ^The  position  of  the  metal  may  be 
determined  with  the  ophthalmoscope,  by  the  presence  of  an  iso- 
lated choroidal  or  retinal  hemorrhage,  or  by  a  streak  of  opacity 
in  the  vitreous  that  marks  its  track.     A  view  of  the  interior  of  the 
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cj'e  is  seldom  possible,  and  reliance  must  therefore  be  placed  on 
other  methods  of  diagnosis,  of  which  the  most  valuable  are  the 
Rontgen  rays  and  the  magnet. 

The  RofUgen  Rays. — The  x-rays  are  the  most  certain  and 
accurate  means  of  diagnosis  of  the  presence  of  all  kinds  of  metal, 
shot,  glass,  stone,  and  even  coal.  All  of  these  materials  cast  a 
shadow,  the  density  of  which  depends  upon  the  degree  of  exposure 
of  the  rays  and  the  manipulation  of  the  x-ray  tube.  A  foreign 
body,  hfjwevtr  small,  that  has  sufficient  weight  and  momenttun 
to  penetrate  the  coats  of  the  eye  can  be  diagnosed  both  as  to  its 
presence  and  p>osition  by  this  method.     (See  Appendix.) 

Diagnosis  by  the  Magnet. — A  particle  of  iron  or  steel  within 
an  e}'eball  is  attracted  if  brought  within  the  field  of  a  large  magnet. 
The  induced  movement  of  the  metal  is  accompanied  by  pain, 
kxated  by  the  patient  at  or  near  the  situation  of  the  body.  At 
first  a  moderate  current  only  should  be  turned  on,  or  the  power 
of  the  magnet  reduced  by  a  long  extension  point.  The  attraction 
should  be  suffidently  strong  to  indicate  the  presence  of  the  body, 
but  should  not  draw  it  from  its  position  to  become  imbedded  in 
other  tissues.  The  approximate  position  of  the  body  may  be 
determined  by  pladng  the  long  extension  point  of  the  medium- 
sized  magnet  at  various  points  around  the  circumference  of  the 
e>'e,  previously  cocainized.  A  bulging  of  the  iris  or  a  forward 
movement  of  the  lens  indicates  the  presence  of  the  foreign  sub- 
stance within  those  tissues,  while  the  elicitation  of  pain  by  ap- 
plication of  the  magnet  point  over  the  sclera  is  an  indication  that 
the  body  is  in  the  vitreous  chamber.  The  negative  response  to 
even  the  giant  magnet,  however,  cannot  be  accepted  as  conclusive 
evidence  of  the  al>sence  of  iron  or  steel  from  the  eye.  Pain  is  a 
less  prominent  sign  in  old  injuries  in  which  the  body  is  surrounded 
by  fibro-ccUular  tissue. 

The  Siderscope. — Pooley  suggested  the  magnetic  needle  in  the 
diagnosis  of  susficcted  foreign  bodies.  The  siderscope  of  Asmus 
and  a  less  complicated  apparatus  devised  by  Hirschberg  are  ex- 
tensively used  in  Europe  with  excellent  results.  These  instru- 
ments arc  easily  affected  by  street  or  trolley  currents,  and  have, 
therefore,  a  limited  usefulness. 
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Palpalion. — The  legation  of  a  foreign  body  in  the  anterior 
portion  of  the  uveal  tract  may  sometimes  be  detennined  by  pal- 
pation of  the  anesthetized  eyeball  by  a  blunt  probe, 

Fieid  of  Vislon,~The  movement  of  a  candle-flame  through 
various  parts  of  the  visual  field  may  demonstrate  a  scotoma,  cor- 
responding to  the  point  in  the  retina  or  choroid  in  which  the 
foreign  body  is  located.  As  in  palpation,  the  test  is  not  conclusive, 
and  is  useful  only  as  an  adjunct  to  other  methods. 

Treatment. — The  importance  of  early  diagnosis  of  the  pres- 
ence or  absence  of  foreign  bodies  in  the  eye  is  not  generally 
appreciated.  An  eyeball  containing  a  foreign  substance  is  always 
a  source  of  danger  both  to  itself  and  to  its  fellow.  The  instances 
in  which  pieces  of  metal  have  remained  quiescent  in  the  vitreous 
chamber  for  many  years  are  exceptional,  and  in  some  of  these 
cases  extraction  has  been  eventually  required  by  reason  of  an 
inflammation  that  menaced  the  safety  of  both  eyes.  In  3  cases 
of  retained  foreign  bodies  studied  by  the  authors,  sympathetic 
irritation  developed  in  one  case  thirty  years,  another  eighteen 
years,  and  in  the  third  ten  years  after  the  original  injury.  Early 
removal  of  foreign  bodies  gives  the  best  chance  of  saving  sight,  or, 
at  least,  of  preserving  the  balL  Late  attempts  at  extraction  are 
usually  unsuccessful,  and  both  sight  and  eye  are  lost. 

Magnet  Extraction. — Magnets  vary  in  size  from  the  small 
low-power  instnmients  of  the  early  days  of  extraction  to  the 
large  magnet  of  Haab. 
AU  electric  magnets 
consist  of  a  core  of 
soft  iron  or  steel, 
wound  with  fine  wire, 
and  are  stimulated 
either  by  battery  or 
direct-lighting  circuit* 

Small  Magnets. — Of  the  small  magnets  operated  by  bat- 
tery of  from  one  to  two  amperes,  the  Hirschberg  instrument  is 
the  most  generally  known,  and  has  long  occupied  an  important 
position  as  an  instrument  of  value  in  extracting  iron  and  steel 
from  the  vitreous.     Its  comparative  low  power  demands  that  the 
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tip  of  the  magnet  touch  the  foreign  body.  This  is  a  serious  dis- 
advantage, because  in  the  majority  of  cases  the  point  must  be 
thrust  into  the  vitreous.  Even  should  the  position  of  the  metal  be 
kno^Ti,  and  the  injur}'  recent,  a  number  of  insertions  of  the  tip 
may  be  required  before  the  metal  is  secured^  the  difBcultics  of 
extraction  being  increased  by  enveloping  exudate.  This  dis- 
turbance of  the  vitreous  is  a  factor  in  bringing  about  ultimate 
shrinking  of  the  globe. 

Medium-sized  Magnets. — The  value  of  strong  portable  mag- 
nets both  for  diagnosis  and  extraction  has  led  to  the  construct* 
ing  of  other  sizes  of  magnets,  of  which  the  Johnson  and  the 
Lippincott  are  familiar  examples*  These  magnets  may  be  held 
in  the  hand  or  suspended  by  a  cord  with  a  counterpoise.     Sweet 
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Fig.  144.— The  Sweet  Mac>(£T- 

has  designed  a  medium-sized  magnet  the  core  of  which  gradually 
tapers  toward  the  end  at  which  the  tips  are  attached,  a  form  of 
construction  that  is  believed  to  insure  more  condensed  lines  of 
magnetic  force  toward  the  poles. 

The  Giant  Magnet. — The  Haab  magnet  has  been  designed 
to  draw  pieces  of  metal  from  the  vitreous  into  the  anterior 
chamber  and  out  of  the  eye  through  the  original  wound  of  entrance 
or  through  a  new  incision.  On  account  of  its  great  weight,  the 
magnet  is  mounted  firmly  on  an  upright  %vooden  stand  or  is  sup- 
ported on  a  counterpoised  shaft*  In  the  former  the  patient's 
head  is  moved  to  the  desired  position,  while  the  latter  permits  of 
free  movement  in  every  direction  of  the  instrument*  The  current 
is  regulated  by  a  circuit-breaker  controlled  by  the  foot* 
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Extraction  tJirougli  the  Anterior  Chamber.^ — The  power  of 

magnets  decreases  with  the  size  of  the  particle  of  steel  and  its 
distance.  In  the  application  of  the  Haab  magnet  the  operator 
endeavors  to  so  regulate  the  current  that  the  body  wiU  be  drawn 
from  its  fK)sition  and  travel  slowly  fonvard  around  the  lens  into 
the  anterior  chamber,  or  with  the  full  strength  of  current  the 
patient's  head  may  be  held  far  enough  away  to  lessen  the  force 
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of  attraction.  From  this  distance  the  eye  is  gradually  approached 
within  range  of  the  magnet's  action  until  the  body  enters  the  an- 
terior chamber  or  a  bulging  of  the  iris  indicates  that  it  has  left  its 
position  in  the  vitreous.  Haab  applies  the  magnet  so  that  its 
point  is  opposite  to  the  center  of  the  cornea,  in  order  that  the 
body  as  it  comes  forward  will  avoid  the  ci!iar>^  body,  and  he  then 
gradually  carries  the  point  tow^ard  the  lower  periphery^    Should 
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the  iris  bulge  forward,  the  direction  of  the  force  is  changed  by 
ahering  the  position  of  the  patient*s  head  so  that  the  body  will 
pass  obliquely  through  the  pupil  into  the  anterior  chamben 
Irregularly  shaped,  sharp-edged  particles  may  be  so  firmly  caught 
in  the  choroid  that  they  can  be  dislodged  only  by  applying  the 
magnet  to  the  eye  rotated  into  various  positions,  in  order  that 
the  attraction  can  be  exerted  from  different  directions.  The 
medium*sjzed  magnets  may  also  be  employed  in  recent  injuries 
in  the  same  manner  as  the  Haab  instrument. 

The  ocular  tissues  through  which  the  metal  has  passed,  its 
location  in  the  eye,  and  the  time  that  has  elapsed  between  the  in- 
jury and  the  examination  will  determine  in  a  large  measure  the 
best  method  for  extracting  the  body  with  the  magnet.  If  its 
position  in  the  vitreous  is  known,  and  the  entrance  wound  is 
still  open,  the  attempt  may  be  made  to  draw  the  body  along 
the  track  it  entered.  If,  however,  the  wound  has  closed,  and 
the  location  of  the  body  is  known,  extraction  may  be  made 
through  the  re-opened  wound,  or  preferably  through  a  scleral 
opening  made  close  to  the  situation  of  the  body.  Less  trau- 
matism will  follow  the  latter  method,  particularly  in  cases  in 
which  the  cornea  and  lens  have  been  perforated.  Prior  to 
incising  the  sclera,  a  flap  of  conjunctiva  is  dissected  up,  the  con- 
junctival hemorrhage  checked,  the  tip  of  the  magnet  applied  at 
the  opening  in  the  sclera,  and  the  current  turned  on.  After  ex- 
traction the  conjunctival  flap  is  replaced  and  sutured* 

Particles  of  iron  or  steel  which  have  remained  in  the  vitreous 
chamber  for  several  months  or  years  are  difficult  if  not  impossible 
of  extraction  by  the  magnet.  Exceptionally  they  can  be  removed 
from  the  iris,  the  lens,  or  the  vitreous  body*  The  firm  exudate 
that  forms  in  the  retina  and  choroid  resists  the  power  of  any 
magnet  to  dislodge  the  metal,  even  though  the  tip  be  introduced 
into  the  vitreous.  In  rare  instances  the  body  may  be  secured 
with  forceps,  and  the  vitreous  lost  during  the  operation  in  part  re- 
placed by  normal  salt  solution*  Although  \ision  may  be  irre- 
trievably lost,  the  hope  of  preservation  of  the  eyeball  justifies  the 
procedure. 

The  indications  for  attempting  extraction  in  old  cases  arc  pain, 
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lendemess,  and  other  symptoms  of  irritation.    If  the  body  can- 
not be  extracted,  the  ball  should  be  enucleated. 

Prognosis,— Except  in  rare  instances  a  rapid  inflammatory 
process  follows  the  retention  in  the  baU  of  foreign  bodies.  More- 
over, the  danger  of  impairment  and  destruction  of  the  sound  eye 
from  sympathetic  inflammation  is  ever  present.  The  danger  is 
threefold:  destruction  at  the  time  of  injury,  panophthalmitis  from 
infection,  and  sympathetic  inflanmiation. 

After-treatment. — Following  extraction  through  a  corneal 
openings  ihe  treatment  is  similar  to  that  after  iridectomy  or  cataract 
operation,  namely,  atropin,  continuous  pressure  bandage,  and 
rest  in  bed.  Continuous  cold  applied  to  the  eyeball  is  of  the 
greatest  value  in  allaying  the  inflammatory  reaction  following 
extraction  through  the  sclera. 

Non-magnetic  Bodies. — Wounds  of  the  eyes  by  the  entrance 
and  lodgment  of  copper,  glass,  stone,  coal,  and  similar  sub- 
stances are  grave  injuries,  and 
the  operation  of  extraction  is 
attended  with  the  greatest  dif- 
ficulty. In  the  case  of  copper 
the  primary  inflammation  is 
increased  by  the  oxidation  and 
partial  solution  of  the  metal. 
The  AT- rays  offer  the  only  cer- 
tain means  of  determining  the 
position  in  the  ball  of  the  for- 
eign body*  Its  location  having 
been  fixed,  an  attempt  may  be 
made  to  extract  it  with  forceps. 
Injuries  from  birdshot  are  fre- 
quent. The  shot  penetrates 
into  or  through  the  eye,  and 
gives  rise  to  hemorrhage  and 
other  signs  of  severe  injury,  but  seldom  to  purulent  inflam- 
mation*    Small,  round,  unirritating  bodies  often  become  encysted. 

Foreign  Bodies  in  the  Orbit,— Metal  particles,  except  shot, 
seldom  strike  the  eyeball  with  sufficient  force  to  pass  through  the 
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globe  and  lodge  in  the  orbit.  In  case  of  such  accidents  the  location 
of  the  metal  should  be  determined  by  the  r-rays,  and  appropriate 
treatment  instituted.  Usually  the  metal  gives  rise  to  no  serious 
symptom  unless  infected,  or  unless  it  lodges  in  one  of  the  muscles 
or  in  the  sheath  of  the  optic  nerve.  Cold  compresses,  antiseptic 
washes,  rest  in  bed,  and  similar  measures  constitute  the  treatment 
after  extraction. 

Injuries  from  Contusion  or  Concussion,— The  eyeball  is 
exposed  to  injury  from  the  direct  impact  of  blunt  objects,  such  as 
large  pieces  of  metal  or  wood,  a  fist,  a  flying  cork,  or  a  ball;  and 
also  indirectly  by  contrecoupy  from  a  violent  explosion  near  the 
eye  or  from  blows  upon  various  portions  of  the  head.  The  symp- 
toms from  direct  and  indirect  violence  vary  considerably  in  de- 
gree, from  a  local  hyperemia  of  the  conjunctiva  at  the  point  of 
impact  of  the  object  to  a  complete  rupture  of  the  eyeball.  In 
rare  instances  contusion  expends  its  violence  upon  the  internal 
structures,  inducing  opacity  and  dislocation  of  the  crystalline  lens, 
prolapse  or  rupture  of  the  iris,  mydriasis  and  cycloplegia,  concus- 
sion of  the  retina,  rupture  of  the  choroid,  detachment  of  the  retina 
or  choroid,  or  edema  and  hemorrhages  of  both  membranes. 

The  effect  of  the  concussion  or  contusion  upon  vision  may 
not  become  manifest  until  several  days  have  elapsed,  when  a 
decided  dimness  of  sight  causes  the  patient  to  seek  relief.  If  there 
is  no  ophthalmoscopic  change  from  the  normal  appearance  of  the 
eye-grounds,  the  exact  nature  of  the  injury  must  be  uncertain. 
These  cases  are  included  under  the  general  terms  of  traumatic 
amblyopia  (Berlin)  or  traumatic  retinal  anesthesia  (Leber). 
Some  interference  of  the  functions  of  ganglionic  cells  is  probably 
a  causative  factor. 

Atrophy  of  the  optic  ner\'e  may  follow  direct  violence.  If  the 
injury  results  in  the  fracture  of  the  orbital  bones  and  pressure  upon 
the  ner\'e  at  the  optic  foramen  by  blood  or  by  bone,  the  blindness 
will  be  sudden. 

In  many  instances,  however,  several  weeks  elapse  before  there 
is  diminution  in  vision  or  indications  of  beginning  atrophy.  The 
injuries  are  to  be  explained  by  the  vibrations  in  the  orbital  tissues 
set  up  by  the  blow,  the  dense  sclerotic  being  uninjured  by  the  in- 
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direct  force,  but  transferring  the  impulse  it  receives  to  the  deh'cate 
structures  of  the  choroid  and  retina.  Some  cases  of  this  character 
have  a  medico-legal  aspect,  and  caution  is  advisable  in  giving  an 
early  opinion  as  to  the  ultimate  outcome. 

Rupture  of  the  EyebalL— Violent  blows  upon  the  eyeballs, 
upon  the  head,  or  upon  other  portions  of  the  body  may  tear  the 
cornea  or  sclera,  or  both.  Rupture  from  a  direct  blow  involves 
the  sclera  either  primarily  or  by  extension  of  a  corneal  rupture 
through  the  limbus.  The  coats  of  the  eyeball  are  relatively 
weaker  at  the  upper  inner  quadrant  than  in  other  portions.  More- 
over, the  direction  of  the 
blow,  usually  from  below 
the  horizontal  line,  con- 
tributes to  the  high  posi- 
tion of  the  rent. 

Symptoms. — A  blow 
that  will  rupture  the  sclera 
will  also  produce  extensive 
laceration  of  the  internal 
coats  and  permanently  de- 
stroy their  function.  The 
iris  is  detached  wholly  or 
in  part  from  the  ciliar\' 
body,  and  may  be  pro- 
lapsed into  the  wound  or  washed  out  on  to  the  sclera  by  the 
aqueous.  Synchronously  with  the  tear,  the  lens  is  diskx:ated 
backward  or  under  the  conjunctiva,  the  anterior  and  vitrer>us 
chambers  Ix-come  filled  with  blrn^d,  the  retina  and  choroid  are 
detached  and  torn,  and  the  eyeball  is  soil  and  unresisting.  If 
the  conjunctiva  over  the  injured  [>art  is  not  lacerated,  the  intra- 
ocular tissues  protrude  through  the  srleral  wound  and  present 
a  distinct  tumor  of  the  conjunctiva. 

Prognosis. — The  proj^nosi^  i^  alv.ays  grave,  particularly  in 
extensive  de'.arhment  of  the  internal  m«:mhranes  and  hemor- 
rhage into  ihf;  '. itr'OJ-.  Wo'^nd^  in  the  ( iliary  region,  and  the  fre- 
quent seriour  :r.y:r/  to  the  ril: a ry  body,  mu.*t  l>e  ron-idered  as 
contributir.g  y,  rhe  ''lunger  of  -ymp;ithetir  intlammation. 
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Treatment. — Thorough  cleansing  of  the  wound,  removal  of 

all  prolapsed  tissues,  stitching  of  the  sclera  or  covering  the  tear 
by  a  flap  of  conjunctivaj  and  the  use  of  cold  antiseptic  compresses 
may  preserve  not  only  the  eyeball  but  some  sight.  Should  the 
globe  be  so  badly  injured  that  the  sight  is  hopelessly  lost,  and 
there  is  reason  to  expect  from  the  loss  of  vitreous  and  the  destruc- 
Uon  of  the  choroid  and  retina  thai  the  ultimale  result  wiU  be  an 
atrophic  ball,  the  safest  and  wisest  course  will  be  enucleation. 
The  patient  is  thus  relieved  of  weeks  of  suffering  and  of  anxiety 
as  to  the  safety  of  the  other  eye* 

The  attempt  to  preser\*e  the  globe  may  be  safely  persisted  in 
for  two  or  three  weeks,  unless  purulent  inflammation  should  arise* 
The  treatment  consists  in  frequent  use  of  atropin,  cold  compresses, 
thorough  asepsisj  and  rest  in  bed.  Small  doses  of  calomel  iV 
grain  ever}'  three  or  four  hours,  keeping  the  system  slightly  under 
the  influence  of  mercury,  are  of  value* 

Injuries  of  the  Iris, — Hemorrhage  into  the  anterior  chamber 
(hyphemia)   follows  contusions,   wounds  by  sharp  instrumentSi 
or  by  penetrating  foreign  bodies-    Hemorrhage 
after  operation,  and  that  due  to  systemic  causesi 
are  considered  elsewhere.    Traumatic  hyphe- 
mia indicates  a  break  in  the  continuity  of  the 
Iris.     It  gives  rise  to  no  pain,  and  its  effect  on 
vision  depends  upon  the  quantity  of  exuded 
blood.    The   hyphemia  disappears   in   a  few 
days.    A  weak  solution  of  atropin  should  be 
instilled  to  counteract  iritis  arising  from  the  in- 
jur}^ or  from  the  presence  of  blood,    lodids 
internally,  hot  appUcations  locally,  and  pressure  bandage  con- 
tribute to  the  more  rapid  absorption  of  the  blood. 

Rupture, — In  injuries  by  contusion  the  blow  may  produce 
rupture  of  the  iris  or  choroid,  dislocation  of  the  lens,  and  hemor- 
rhage into  the  anterior  chamber  or  vitreous.    Rupture  of  the  iris 
is  most  frequent  at  the  ciliary  attachment,  iridodialysis^  but  ia  1 
also  found  at   the  pupillan^  margin  or  between  the  pupil  and] 
periphery.    The  iris  is  not  only  ruptured,  but  it  may  be  partly] 
everted.    Without  ihe  support  of  the  cihary  ligament,  the  contrac- 
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tile  power  of  the  iris  opposite  to  the  tear  is  lost,  and  the  pupil  is 
distorted,  with  its  longest  axis  parallel  with  the  new  pupih  The 
patient  complains  only  of  confused  vision.  Unless  the  lid  covers 
the  traumatic  opening  there  will  be  indistinct  monocular  diplo- 
pia, one  image  being  refracted  through  the  old  and  the  second 
through  the  new  pupiL  The  fundus  reflex  and  the  retinal  vessels 
may  be  seen  imperfectly  through  the  latter. 

Rupture  at  the  pupillary  opening  is  ne.xt  in  frequency  to  separa- 
tion at  the  ciliary  border*  The  pupil  is  irregular  in  outline  and 
permanently  dilated*  Many  of  the  reported  cases  of  traumatic  par- 
alytic mydriasis  are 
instances  of  this  kind. 
True  traumatic 
paralytic  mydriasis 
{iridopl€gia)j  how- 
ever, is  not  uncom- 
moHp  The  etiology 
is  given  by  Harlan 
as  a  stunning  of  the 
peripheral  nerve-fi- 
bers of  both  the  dli- 
arv'  muscle  (cyclople- 
gia)  and  the  iris*  In 
the  rarest  form  of 
rupture,  namelVj  the 
radiating,  the    edges 

of  the  tear  rapidly  unite,  and  even  a  short  time  after  injury  its 
site  is  difficult  of  determination. 

Treatment  is  of  little  avail.  In  iridodialysis  the  anterior 
chamber  may  be  opened  and  the  torn  edge  of  the  iris  drawn  into 
the  incision  at  the  corneoscleral  junction  and  left  to  heal  in  that 
position,  but  the  procedure  is  of  questionable  value.  Permanent 
mydriasis  and  cycloplegia  are  not  benefited  by  treatment. 

Retroflexion,  or  displacement  of  the  entire  iris  or  its  pupillary 
portion,  is  a  rare  result  of  contusion.  In  total  e version  the  entire 
membrane  is  folded  backward  against  the  ciliary  body- 


Fig.  149- 


Radiatino  and  Pupillary  Ruftuhe  of 


270  WOUNDS  AND  INJURIES. 

Injuries  of  the  Crystalline  Lens  follow  direct  or  indirect 
violence.  In  the  former  from  penetration  of  a  sharp  instrument  or 
foreign  body,  and  in  the  latter  from  a  blow  upon  the  ball  or  in  its 
neighborhood,  rupturing  the  capsule  or  completely  dislocating 
the  lens. 

The  penetration  of  an  instrument  or  a  foreign  body  will  pro- 
duce a  linear  or  diffuse  opacity  (see  page  317),  which  may  remain 
unchanged  or  the  lens  become  again  transparent.  On  the  other 
hand,  extensive  tears  in  the  capsule  permit  of  the  free  access  of 
the  aqueous  humor  to  the  lens  substance,  and  swelling  and  escape 
of  the  lens  fragments  into  the  anterior  chamber,  with  ultimate 
absorption  of  the  soft  portions.  A  hard  nucleus  acts  as  a  foreign 
body  and  induces  iridocyclitis  or  glaucoma.  It  should  be  removed 
by  linear  extraction.    (See  page  325.) 

Traumatic  dislocation  of  the  lens  is  partial  or  complete.  In 
the  former  it  is  tilted  on  its  axis  or  partly  displaced  out  of  its 
fossa;  in  the  latter  it  is  forced  into  the  anterior  chamber  or 
vitreous. 

Treatment. — Rest  in  bed,  pressure  bandage,  atropin,  leeches 
to  the  temple,  and  saline  purges  are  valuable.  Rupture  of  the 
suspensory  ligament,  which  occurs  in  all  forms  of  dislocation  of 
the  lens,  complicates  the  extraction  of  the  lens.  In  nearly  every 
case  vitreous  escapes  upon  completion  of  the  corneal  incision. 
(See  page  348.) 

Injuries  to  the  Retina  and  Choroid.— These  membranes 
are  subject  to  hemorrhages,  rupture,  detachment,  laceration,  and 
inflammation  consequent  upon  these  affections.  Hemorrhage 
and  detachment  are  described  in  the  chapter  on  Diseases  of  the 
Retina  and  Choroid. 

Retinal  Concussion  (Commotio  Retina'). — Decided  impairment 
of  vision  may  follow  either  direct  or  indirect  violence  without 
other  ophthalmoscopic  signs  than  the  slight  veiling  of  the  retina 
by  transient  edema.  Vision  will  improve  with  the  absorption  of 
the  serous  exudation.  Ole  Bull  believes  that  many  cases  of 
visual  disturbance  after  trauma  are  due  to  spasmodic  contraction 
of  the  retinal  vessels.  Atropin,  rest  in  bed,  and  daily  sweating 
with  pilocarpin  will  hasten  recover}'. 
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Rupture  of  the  Choroid  is  usually  single,  although  occasion- 
ally it  is  multiple.  It  may  be  associated  with  other  evidences 
of  concussion,  and  is  frequently  compHcated  with  dislocation 
of  the  lens  and  rupture  of  the  iris.  The  rupture  rarely  includes 
ihe  retina,  although  hemorrhage  and  edema  prevent  an  accurate 
estimation  of  the  extent  of  the  damage  until  a  week  or  more  has 


Fig,  i5o,^Min.TiPLE   Rlttithe  of  the    Choroid,   FoLUAviNr,  a  Blow  from 
A  Base-ball.    (Two  Weeks  after  the  Injury.) 

elapsed*  After  absorption  of  the  effusion,  a  narrow,  yellowish 
streak  is  seen  at  the  posterior  pole  of  the  eyeball,  usually  cres- 
centic  in  shape  and  with  its  concavity  toward  the  fovea.  The 
retinal  vessels  pass  unbroken  over  the  tear,  except  in  the  rare 
instances  in  which  the  retina  also  is  ruptured.  In  the  neighbor- 
hood of  the  rupture,  and  often  near  the  optic  disk,  small  patches 
of  the  choroid  undergo  atrophy.    Treatment  is  of  little  avail. 
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r\Mii^'^*  fV*4y  l»r  inslilKHt,  a  compressed  bandage  applied^  and 
l^r.ViH*»ln  nnd  indid  ^*f  (JtjLassium  administered  internally* 

lujury  Irom  Lightning  may  be  limited  to  a  superficial  bum 
iif  \h^  ftkin  cif  the  lids  and  singeing  of  the  brows  and  lashes^  or 
It  inny  tnvnlvi*  thi?  tissues  of  the  ball  from  the  cornea  to  the  optic 
iti*r\  p.  t'ularacl  i***  one  of  the  frequent  results  of  lightning  stroke* 
1 1  amy  f»c  partial  or  complete,  and  direct  or  secondarj^  to  other 
I  hangi'i  In  the  eye,  such  as  choroiditis  or  retinal  detachment* 
(Mhrr  injurieii  are  optic  neuritis  and  paralysis  of  the  extraocular 
muftclui. 

Fracture  of  the  Orbital  Bones  may  result  in  orbital  emphy- 
wvmii  ur  et  i'hymnsis  with  exophthalmos.  The  optic  nen^e  seldom 
tiniapeii  injury  in  fracture  of  the  apex  of  the  orbit  or  the  body 
of  the  liphenaid  bone* 

PuUattng  Exophthalmos,  appearing  several  days  or  wTeks 
hIutt  M'vere  blows  upon  the  skull,  indicates  fracture  at  the  base, 
with  aneurismal  dilatations  of  the  vessels  in  this  region  or  of 
the  orbit*    (See  page  152.) 

Traumatic  Enophthalmos,  or  sinking  backward  of  the  ball, 
may  occur  whh  or  without  fracture  of  the  orbital  bones*  The 
retraction  may  be  immediate  or  delayed  for  months.  If  asso- 
cialed  with  fracture,  the  displacement  is  probably  mechanical. 
In  some  cases  the  retrobulbar  connective  tissue  undergoes 
cicatricial  contraction  or  the  nutrition  of  the  parts  is  affected 
by  disturbed  local  action  of  the  sympathetic  nerves  (W-  T.  Shoe- 
maker). 

Paralysis  of  the  Ocular  Muscles  after  injury  is  due  to 
effusion  into  the  orbit,  basilar  fracture  or  hemorrhage,  meningitis, 
or  to  traumatism  of  the  muscle.  Panas  believes  that  the  palsy  in 
roost  cases  of  direct  injury  is  the  result  of  stretching  of  the  muscle, 
and  perhaps  also  of  the  nerve,  and  not  to  rupture  of  the  muscle 
or  detachment  of  its  tendon.  Fractures  of  the  base  involves  most 
frequently  the  abducens.  If  the  compression  is  by  bone,  the 
paralysis  is  immediate ;  if  from  hemorrhage,  it  is  delayed*  Paraly- 
sis  in  young  children  is  due  to  hemorrhage  rather  than  to  fracture* 
It  usually  disappears  within  the  first  two  years  of  hfe,  but  may 
persist*     (See  page  41 6-) 
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Contused  and  Punctured  Wounds  of  the  Eyelids.— The 
effusion  of  blood  and  scrum  in  the  eyelids  and  conjunctiva  in 
consequence  of  blows  or  other  injuries^  or  after  severe  paroxysms 
of  coughing  or  straining,  is  termed  ecchymosis. 

Emphysema. — Blows  of  sufficient  force  to  fracture  the  orbital 
bone  and  rupture  the  mucous  membrane  of  the  nose  permit  air 
from  the  nasal  or  frontal  fossae  to  escape  into  the  loose  cellular 
tissue  of  the  lids. 

Incised  and  Lacerated  Wounds  of  the  lids  are  followed  by 
hemorrhage  and  edema,  and,  when  not  sutured  and  the  edges  of 
the  incised  skin  accurately  coaptated,  lead  to  entropion  or  ectro- 
pion, particularly  when  the  tarsus  or  lid  margins  are  involved. 

Punctured  Wounds  are  serious  if  complicated  by  penetration 
of  the  eyeball  or  deep  tissues  of  the  orbit  or  by  infection  of  the 
wound.  The  septic  process  rapidly  destroys  the  post-ocular  soft 
structures,  and  may  extend  through  the  apex  of  the  orbit  into 
the  meninges.  Ptosis  follows  pressure  of  effused  l\Tnph  or  blood, 
injury  of  the  nerve,  or  severing  of  the  levator  muscle  or  tendon. 
The  divided  ends  of  the  tendon  should  be  sutured  before  the 
wound  in  the  lid  is  closed.  Collodion  as  a  dressing  is  not  to  be 
recommended  in  lid  injuries  because  its  contraction  is  liable  to 
displace  the  edges  of  the  wound.     A  pressure  bandage  is  useful. 


Sympathetic  Irritation  and  Sympathetic  Inflammation. 

Sympathetic  Ophthalmia  (Sympathetic  Ophthalmitis)  is  a 
disease  of  one  eye  induced  by  traumatism  or  disease  of  the  other 
eye.  The  eye  originally  affected  is  called  the  exciting  eye,  and 
that  secondarily  involved,  the  sympathizing  eye. 

S)nnpathetic  ophthalmia  has  been  for  a  long  time  classified 
as  irritation  and  inflammation,  and  clinically  it  is  of  the  greatest 
importance  that  the  distinction  between  irritation,  or  neurosis, 
and  inflammation,  with  exudation,  should  be  drawn. 

Etiology. — The  most  frequent  causes  of  sympathetic  oph- 
thalmitis are  the  lodgment  of  foreign  bodies,  punctured  or  incised 
wounds  in  the  ciliar\',  or  "danger,"  region,  either  accidental  or 
operative,  anterior  synechia^  dislocation  of  the  lens,  chronic 
18 
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uveitis,  calcareous  degeneration  of  atrophic  eyeballs,  and  the 
irritation  of  the  stump  of  the  optic  nerv^e  induced  by  cicatricial 
contractions  of  a  badly  fitting  prothesis. 

Theories  of  Transmission. — The  channels  of  transmission 
of  the  affection  from  one  eye  to  the  other  have  been  subject 
to  many  investigations,  but  no  definite  conclusion  has  been 
reached,  although  the  disease  has  been  known  to  ophthalmologists 
for  two  hundred  years.  The  first  English  writer  to  accord  the 
subject  the  prominence  it  deserves  was  Mackenzie,  who  described 
and  classified  it  in  the  middle  of  the  nineteenth  centur}'.  The 
theories  that  obtain  to-day  are:  (i)  transmission  through  the  ciliary 
nerves,  (2)  through  the  optic  nerve  and  its  sheath  as  far  back  as 
the  chiasm,  and  (3)  by  micro-organisms  or  their  toxins.  None 
of  these  theories  fully  explains  the  patholog}'  of  all  cases.  Whatever 
be  the  pathogenesis,  clinical  evidence  sustains  the  assumption  that 
certain  affections  of  one  eye  are  the  exciting  cause  of  transient 
recurring  irritation  and  disturbance  of  function  or  of  distinct 
inflammation  of  the  uveal  tract  of  the  other  eye.  In  the  latter, 
the  organic  changes  are  so  serious  in  their  nature  that  vision  is 
seriously  compromised  and  sometimes  entirely  destroyed. 

Sympathetic  Irritation  is  characterized  by  symptoms  in  the 
sympathizing  eye  suggestive  of  hyperemia  of  the  uveal  coat  or 
of  retinal  anesthesia.  The  earliest  symptom  in  most  cases  is 
failure  of  accommodation,  emphasized  in  individuals  who  suffer 
from  uncorrected  refractive  errors.  Asthenopia,  photophobia,  and 
lacrimation  are  marked,  and  are  associated  with  conjunctival 
congestion  and  slight  pericorneal  hyperemia,  sensitiveness  to 
pressure  in  the  region  of  the  ciliary  body,  and  supraorbital  neu- 
ralgia. These  symptoms  are  aggravated  by  near  use  of  the  eyes 
and  by  exposure  to  light,  and  subside  upon  relaxation  of  the  eyes 
from  close  work  and  protection  from  light.  The  symptoms  show 
periodicity,  continuing  for  a  few  days,  then  disappearing  to  recur 
after  an  inter\'al  of  days  or  weeks.  The  symptoms  of  sympathetic 
irritation  should  not  be  confounded  with  those  of  errors  of  re- 
fraction, which  they  closely  resemble. 

The  inauguration  of  sympathetic  inflammation  is  announced 
by  practically  the  same  symptoms,  and  in  order  to  determine 
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the  character  of  the  aflfection  it  is  essential  that  the  course  should 
be  carefully  and  constantly  studied.  The  connection  between 
irritation  and  inflammation  is  undetermined.  Some  writers  be- 
lieve that  irritation  is  essentially  a  neurosis  and  never  leads  to 
inflammation,  while  others  assert  that  it  is  the  first  stage  of  sym- 
pathetic inflammation. 

Sympathetic  Inflammation  is  an  acute  or  chronic  inflamma- 
tion of  the  uveal  tract  of  the  sympathizing  eye,  and  is  attended 
with  secondary  inflammation  of  other  tissues.  It  may  begin  as  a 
low  grade  inflammation  of  serous  or  plastic  type. 

It  is  impossible  definitely  to  state  the  interval  of  time  that 
will  elapse  between  the  injury  and  the  development  of  sympathetic 
ophthalmitis.  The  incubative  period  depends  upon  the  region  of 
the  eye  involved,  upon  the  character  of  the  injury,  upon  the 
presence  of  a  foreign  body,  upon  the  entrance  of  germs,  upon 
the  health  of  the  individual,  and  upon  the  treatment  received  for 
the  injury.  The  shortest  recorded  interval  is  ten  days,  the  longest 
about  thirty  years.  It  is  generally  conceded,  however,  that  if  no 
S)miptoms  develop  within  two  years  the  danger-line  has  been 
passed.  The  average  period  of  incubation  after  most  injuries  and 
in  most  persons  is  about  six  weeks. 

Sjonptoms. — Exciting  Eye, — The  eye  is  injected,  painful,  and 
sensitive,  and  gives  every  indication  of  an  active  and  destruc- 
tive inflammation  originating  in  the  uveal  tract  and  extending 
to  the  other  structures  of  the  eye.  Vision  is,  in  most  cases,  re- 
duced to  the  perception  of  light  or  is  entirely  abolished.  Rarely, 
useful  vision  is  preserved.  The  pain  is  constant,  and  is  increased 
by  light  or  the  use  of  the  other  eye.  The  ciliar}',  the  conjunctival, 
and  the  deeper  scleral  vessels  are  engorged,  and  lacrimation  is 
profuse.  The  ciliary  region  is  often  sensitive  to  pressure.  The 
ophthalmoscope  shows  in  a  few  cases  vitreous  opacities,  hj^Dcremia 
of  the  retina,  the  veins  overfilled  and  tortuous,  but  the  arteries 
not  appreciably  affected. 

Sympathizing  Eye, — The  conjunctiva  is  injected  and  swollen. 
The  cornea  is  partly  opaque,  and  the  lower  half  of  its  posterior 
surface  is  dotted  with  small  masses  of  exudation,  triangular  in 
form,  with  the  base  of  the  triangle  downward  near  the  iris  per- 
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iphery  (see  page  245).  Many  of  the  dots  are  connected  with  each 
other  by  fine  opaque  lines  lying  in  the  posterior  layers  of  the 
cornea  and  in  Descemet's  membrane.  The  anterior  chamber  is 
slightly  deeper  than  normal,  and  the  aqueous  is  turbid.  The  iris 
is  discolored,  hyperemic  and  thickened,  the  pupil  contracted,  and 
the  ciliary  body  infiltrated  and  extremely  painful  on  pressure, 
particularly  in  an  area  corresponding  to  a  similarly  situated 
sensitive  point  in  the  exciting  eye.  The  vitreous  body  contains 
many  opacities  of  different  sizes  and  shapes,  which  are  derived 
in  part  from  the  ciliary  body  and  in  part  are  connective-tissue 
changes  of  the  vitreous  humor. 

The  patient  shows  a  disposition  to  avoid  near  work  or  bright 
illumination.  Phosphenes,  muscse  voHtantes,  transient  indistinct- 
ness of  vision,  blepharospasm,  pains  in  the  head  and  orbit,  and 
possibly  Umitation  of  the  field  of  vision  are  early  symptoms. 

As  the  inflammation  advances  the  iris  becomes  adherent  to 
the  lens  capsule,  the  pupillary  portion  of  the  capsule  opaque, 
and  the  whole  uveal  tract  is  in  a  state  of  active  inflamma- 
tion. The  advent  of  inflammatory  symptoms  in  the  sympa- 
thizing eye  need  not  be  considered  as  an  indication  that  the 
exciting  eye  is  in  a  more  serious  condition  than  before  their 
appearance. 

In  a  few  cases  the  signs  of  the  disease  are  confined  to  the 
fundus  of  the  eye.  The  optic  papilla  is  swollen,  the  retina  edem- 
atous, the  choroidal  pigment  absorbed  in  places,  and  the  vitreous 
opaque  in  its  posterior  layers. 

Treatment. — Prevention, — Efforts  must  be  directed  toward 
confining  the  inflammation  to  the  eye  originally  diseased,  and 
checking  its  spread  to  the  other  eye.  Vision  in  the  wounded 
eye  is  a  secondary  consideration  in  view  of  the  danger  of  sym- 
pathetic inflammation.  Enucleation,  or  one  of  the  operations 
proposed  as  a  substitute,  will,  almost  without  exception,  prevent 
sympathetic  ophthalmitis.  The  indications  for  operation  are  as 
follows: 

I.  An  eyeball  so  badly  injured  that  sight  is  irretrievably  lost, 
or  the  retention  of  the  eye  would  prove  a  disfigurement,  or  the 
ball  is  liable  to  become  shrunken  and  painful. 
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2.  An  injured  or  diseased  eyeball  in  which  vision  is  not  entirely 
lost,  and  which  is  responsible  for  attacks  of  sympathetic  irritation 
not  relieved  by  appropriate  remedies. 

3.  An  eyeball  containing  a  foreign  body,  of  whatever  nature, 
the  extraction  of  which  is  impracticable.  The  exceptions  are  the 
rare  instances  of  old  injury  in  which  the  injured  eye  is  quiet  and 
the  foreign  body  is  located  posterior  to  the  ciliary  region. 

4.  Painful,  sightless  eyeballs,  sensitive  to  pressure  over  the 
ciliary  region,  or  causing  sympathetic  irritation. 

5.  Shrunken  degenerated  eyeballs,  or  a  cicatricial  mass  in 
which  are  entangled  the  optic  nerve  or  ciliary  nerves  after  re- 
moval of  the  globe. 

The  onset  of  sympathetic  inflammation  is  no  contraindication 
to  enucleation,  providing  the  exciting  eye  is  hopelessly  blind. 
Mauthner's  proposition  that  under  no  circumstances  should  the 
exciting  eye  be  removed  during  the  stage  of  sympathetic  inflamma- 
tion has  received  general  acceptance  until  the  past  few  years, 
when  enucleation  was  performed  in  the  early  stage  without  bad 
result,  but,  on  the  contrary,  with  good  effect.  Removal  of  the 
exciting  eye  shotdd  not  be  performed,  however,  in  any  case  of 
s)rmpathetic  inflammation  in  which  useful  \asion  in  the  injured 
eye  is  preserved  or  may  be  restored  by  subsequent  operation. 

General  Measures.  —As  soon  as  the  symptoms  of  sympathetic 
inflammation  appear,  the  patient  should  be  put  into  a  dark  room 
and  kept  quiet  and  free  from  annoyance.  The  eye  should  be 
bathed  every  few  hours  with  very  hot  water,  each  bathing  con- 
tinued for  five  or  ten  minutes,  atropin  instilled,  and  Swedish 
leeches  applied  to  the  temple  at  the  orbital  margin,  and  their 
bites  allowed  to  bleed  freely.  The  effect  of  the  atropin  should 
be  carefully  watched,  owing  to  the  frequency  of  increased  intra- 
ocular tension.  Constitutionally  the  patient  should  be  brought 
under  the  influence  of  mercury  as  rapidly  as  possible,  either  by 
the  administration  of  calomel,  \  grain  every  hour,  or  by  inunctions 
of  the  mercurial  ointment.  Hot  body-bathing,  followed  by  free 
sweating,  will  tend  to  relieve  the  hyperemia  of  the  eye  and  its 
appendages.  In  debilitated  individuals,  full  doses  of  quinin  and 
iron  and  nourishing  food  are  indicated. 
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After  subsidence  of  the  acute  symptoms  the  function  of  the 
eye  is  impaired,  the  degree  of  diminution  in  vision  depending 
upon  the  opacities  in  the  media.  The  results  of  operation,  such 
as  iridectomy  or  cataract  extraction,  are  less  favorable  after 
sympathetic  disease  than  in  other  affections  requiring  similar 
operations. 


CHAPTER  X. 

ENUCLEATION:    ITS    INDICATIONS   AND    SUB- 
STITUTE OPERATIONS.    ARTIFICIAL  EYES. 

The  eyeball  or  its  contents  should  be  removed  (i)  if  its  reten- 
tion jeopardizes  the  sight  of  the  other  eye  or  endangers  life;  (2) 
if  it  is  the  seat  of  severe  and  persistent  pain  that  cannot  be  relieved 
except  by  the  constant  use  of  drugs;  and  (3)  if  it  is  a  serious  dis- 
figurement. 

The  sentimental  objection  raised  by  some  individuals  to  the 
loss  of  a  functionless  ball  should  have  no  weight  with  the  surgeon, 
whose  judgment  and  experience  have  demonstrated  that  removal 
of  an  eyeball  is  essential  to  the  safety  of  the  other  eye  or  of  life. 
On  the  other  hand,  if  sympathetic  inflammation,  meningitis,  or 
other  dangerous  sequel  is  not  feared,  and  the  question  is  simply 
one  of  appearance,  the  decision  should  be  left  to  the  patient. 

Injuries. — Immediate  enucleation  after  accidents  should  be 
practised  only  when  the  sight  is  irretrievably  lost  and  the  ball  so 
greatly  damaged  that  its  preservation  would  be  detrimental  to 
the  welfare  of  the  patient.  In  determining  these  vital  questions, 
the  surgeon  must  take  into  consideration  the  condition  of  the  eye 
at  the  time  of  the  first  examination  and  the  history  of  the  trau- 
matism. The  operation  in  most  cases  may  be  delayed  at  least 
three  weeks  in  the  hope  of  saving  partial  vision  or  of  preserving  the 
ball,  since  sympathetic  inflammation  seldom  develops  until  three 
to  six  weeks  have  elapsed  after  injury.  Early  enucleation  is  to  be 
recommended  only  in  cases  of  extensive  laceration  with  permanent 
and  total  loss  of  vision,  or  upon  the  appearance  of  purulent  inflam- 
mation of  the  internal  structures. 

Foreign  bodies  in  the  interior  of  the  globe  are  always  a  source 
of  danger.  A  useful  eye,  even  though  it  contain  a  foreign  body, 
need  not  be  removed.     As  long  as  a  sightless  eye  containing  a 
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foreign  body  is  free  from  inflammation,  causes  no  irritation  to  the 
other  eye,  and  the  patient  remains  under  observ^ation,  enuclea- 
tion may  be  postponed. 

Sympathetic  Irritation. — An  eyeball  the  source  of  recurring 
attacks  of  sympathetic  irritation,  whether  due  to  a  retained  foreign 
body,  injury  of  the  cornea  and  ciliary  region,  extensive  exuda- 
tive changes  following  chronic  iridocyclitis,  or  shrinking  of  the 
globe,  must  be  removed. 

Painful  Sightless  Eyes. — The  common  causes  are  chronic 
inflammation  of  the  uveal  tract  following  injuries  or  operations, 
the  retention  within  the  ball  of  foreign  bodies,  and  chronic  in- 
flammatory glaucoma.  The  convincing  reasons  for  the  removal 
of  such  balls  are  the  relief  of  pain  and  avoidance  of  possible 
sympathetic  ophthalmia.  The  propriety  of  enucleation  or  one  of 
its  substitutes  after  the  outbreak  of  s>'Tnpathetic  disease  is  dis- 
cussed on  page  276. 

Malignant  Growths. — Glioma  of  the  retina  and  nerve,  sar- 
coma of  the  choroid,  sarcoma  of  the  iris  that  cannot  be  com- 
pletely removed  by  iridectomy,  malignant  tumors  of  the  conjunc- 
tiva, cornea,  or  corneoscleral  border  which  have  penetrated  into 
the  interior  of  the  eye,  and  malignant  timiors  of  the  orbit  are  in- 
dications for  enucleation. 

Staphyloma. — ^The  atrophy  and  degeneration  of  the  anterior 
section  of  the  ball  after  purulent  ophthalmia  seldom  call  for  enu- 
cleation. In  children  excision  of  the  cornea  (keratectomy)  is  the 
proper  procedure,  since  it  does  not  retard  the  growth  of  the  bones 
of  the  orbit,  thereby  preser\ing  the  symmetry  of  the  face.  That 
the  enucleation  of  one  eye  in  early  life  results  in  faulty  development 
of  the  bones  of  the  orbit  on  the  anophthalmic  side  has  been  shown 
by  experiments  on  animals  (W.  Ernest  Thompson). 

Corneal  Opacity,  prohibitive  of  vision,  that  cannot  be  covered 
by  tattooing,  is  cosmetic  indication  for  evisceration  or  the  Mules 
operation. 

Enucleation  of  the  Eyeball. — Until  recently  either  the 
Vienna  or  Bonnet  method  of  operation  has  been  followed  in  the 
removal  of  the  eyeball.  The  latter  operation  is  now  modified  by 
suturing  the  tendons,  with  the  object  of  securing  a  more  movable 
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stiunp  for  the  artificial  shell.  The  following  instruments  are  re- 
quired: A  stop  speculum,  fixation  and  conjunctival  forceps, 
strabismus  hook,  and  conjunctival  and  enucleation  scissors. 

The  Arlt  or  Vienna  Operation. — ^This  method  possesses  the 
single  advantage  over  others  in  that  it  can  be  rapidly  performed, 
but  it  has  been  discarded  by  most  surgeons  because  of  the  sub- 
sequent contraction  of  the  socket. 

The  conjunctiva  is  incised  around  two- thirds  of  the  circum- 
ference of  the  limbus,  including  the  nasal,  upper  and  lower  por- 
tions, and  pushed  slightly  backward.  The  tendon  of  the  internal 
rectus  is  cut,  and  the  stump  firmly  grasped  with  strong  forceps  and 
held  until  the  end  of  the  operation.  The  superior  and  inferior 
recti  are  divided  at  their  scleral  attachments  by  exposing  each  in 
turn  upon  one  of  the  blades  of  the  scissors  without  the  use  of  the 
strabismus  hook.  The  enucleation  scissors,  curved  on  the  flat,  are 
passed  closed  through  the  nasal  side  of  the  conjunctival  opening, 
following  the  curve  of  the  ball  until  the  points  reach  the  optic 
nerve  region.  They  are  withdrawn  slightly,  opened,  and  the 
nerve  divided.  The  ball  is  rotated  outward,  the  tendons  of  the 
oblique,  of  the  extemus,  and  all  tissue  clinging  to  the  sclera  cut 
off  close  to  the  ball. 

The  Bonnet  Operation  is  superior  in  all  important  respects 
to  the  Vienna  method. 

The  first  step  is  to  dissect  the  conjunctiva  entirely  around, 
and  as  close  as  possible  to,  the  corneal  border.  Each  straight 
muscle,  beginning  with  the  intcmus,  is  in  turn  elevated  on  the 
strabismus  hook  and  divided.  A  small  stump  of  the  internal 
rectus  tendon  is  left  on  the  ball  to  provide  a  firm  support  for 
the  forceps  for  the  outward  rotation  of  the  ball  while  the  remaining 
muscles  and  tissues  are  cut  after  the  nerve  has  been  severed. 
The  nerve  is  cut  with  the  scissors  passed  deeply  into  the  orbit 
and  close  to  the  globe,  the  closed  scissors  acting  as  a  probe  for 
determining  the  position  of  the  nerve.  The  scissors  are  preferably 
entered  from  the  nasal  side,  and  the  nerve  cut  as  far  back  from 
the  ball  as  practicable. 

Modified  Bonnet  Operation. — This  method  has  for  its  pur- 
pose prevention  of  retraction  of  the  stump  by  suturing  the  con- 
junctiva, capsule,  and  muscles.     Suker  unites  the  distal  ends  of 
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the  muscles  by  a  purse-string  thread,  and  sutures  the  conjunctiva 
on  the  muscle  mass.     De  Schweinitz  operates  in  the  following 


mamier: 


Each  rectus  tendon  is  exposed  and  caught  upon  the  hook 
precisely  as  in  the  operation  for  strabismus  and  secured  with  a 
double-arm  black  silk  suture  which  is  knotted  upon  it*  The  eye- 
ball is  now  enucleated  with  the  least  possible  disturbance  of  the 
relations  between  the  conjunctiva  and  the  underlying  structures^ 


X 


^/ 


Fig*  isi< — Ekucleation.    The  division  of  the  optic  nerve, 


and  a  small  ball  of  sterilized  gau^e  is  inserted  into  the  capsule  of 
Tenon  precisely  in  the  manner  in  which  a  Mules's  sphere  would 
be  so  placed  in  the  operation  of  implantation*  Each  rectus  tendoikj 
is  now  drawTi  forw^ard  to  the  edge  of  the  cut  conjunctiva,  an(3 
securely  fastened  with  the  ends  of  the  same  suture  which  had 
originally  secured  the  tendon  and  which  have  been  left  long;  thati 
is  to  say,  the  tendon  is  brought  forward  somewhat  as  it  would 
be  in  the  operation  of  advancement.  The  wad  of  sterilized  gauze 
which  has  served  its  purpose  in  checking  entirely  the  hemorrhage 
and  keeping  for  the  time  being  the  cavity  bulged  out  as  it  wa 
when  occupied  by  the  globe,  and  therefore  facilitating  the  ad 
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Vancement  of  the  tendons,  is  now  removed  and  the  edges  of  the 
conjunctiva  and  capsule  of  Tenon  are  united  with  interrupted 
vertical  sutures. 

A  different  method  of  suturing  has  given  the  authors  a  per- 
fectly satisfactoF)'  resuH  and  a  freely  movable  stump.  Priestley 
Smith  secures  the  tendons  in  a  somewhat  similar  manner. 

After  dissecting  the  conjunctiva  from  the  limbus,  each  straight 
muscle,  together  with  the  overlying  conjunctiva  and  capsule  of 
Tenon,  is  firmly  grasped  by  the  fixation  forceps,  and  separately 


^\V 


FlO.  152. — Enucleation.  The  conjunctiva  has  been  dissected  from  the  cornea 
junction,  the  muscles  caught  by  threads,  and  the  internal  rectus  ready  ta 
be  severed. 

sutured  by  single  threads  before  di\^ding  the  tendon  from  the 
sclera.  After  enucleation  of  the  ball  and  the  checking  of  the 
hemorrhage  the  cut  edges  of  the  conjunctiva  with  the  muscles 
and  capsule  are  brought  together  over  the  muscle  bed  by  two 
or  three  sutures.  The  orbital  cavity  is  douched  with  a  bidilorid 
solution,  a  wet  or  dry  aseptic  compress  applied,  and  both  eyes 
bandaged. 

The  adoption  of  one  of  the  modifications  of  the  Bonnet  opera- 
tion in  preference  to  the  ordinary  enucleation  is  advisable  in  all 
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cases  in  which  an  artificial  eye  is  to  be  worn*  The  prominent 
and  movable  stump  obtained  is  well  adapted  to  the  reform  eye 
of  Snellen, 

Unnecessarj^  incisions  of  the  conjunctiva  should  be  avoided^ 
as  they  induce  cicatricial  contraction  and  interfere  with  the 
formation  of  a  good  socket. 

After-treatment. — The  bandage  is  removed  in  twenty-four 
hours,  all  discharges  washed  aw^ay,  and  a  monocular  bandage 
applied.  This  treatment  should  be  repeated  until  all  danger  of 
secondary'  hemorrhage  is  passed  and  the  sw^ollen  lids  regain  their 
normal  size.  The  stitches  are  to  be  removed  on  the  third  or 
fourth  day.  In  three  to  four  weeks  the  artificial  eye  may  be 
inserted. 

Accidents^ — Hnnorrkage, — Ordinarily  the  bleeding  is  not 
severe,  and  is  readily  checked  by  firm  pressure*  The  edema  of 
the  conjunctiva  and  lids  and  ecchymosis  of  the  lids  of  both  eyes 
are  sometimes  alarming,  but  ultimately  disappear.  Secondary 
hemorrhage,  a  rare  complication,  is  controlled  by  pressure  of 
a  sterile  gau^e  pad  inserted  into  the  orbit  and  retained  by  a  tight 
bandage.  Ligation  of  the  common  carotid  has  been  required  in 
one  or  two  instances. 

Perjoraiion  of  (he  Globe  with  the  scissors  is  not  a  serious 
acddentj  but  by  lowering  the  tension  of  the  globe  delays  com- 
pletion of  the  operation.  Should,  however,  pus  escape  into  the 
capsule  of  Tenon  or  into  the  orbit,  orbital  abscess  or  meningitis 
may  ensue.  In  extensive  necrosis  of  the  cornea  or  rupture  of 
the  ocular  coats,  traction  on  the  sclera  by  the  forceps  may  ex- 
trude the  intraocular  contents  and  destroy  the  globular  form  of 
the  ball.  In  this  event  a  stout  thread  may  be  passed  throug 
the  baU,  by  which  the  eye  is  drawn  forward  while  the  optic ^ 
nerve  is  cut* 

Evisceration. — The  contents  of  the  eyeball  are  evacuated^ 
and  the  sclera,  with  its  muscular  attachments,  is  preserved.    Thej 
method  of  operating  is  as  follows- 


The  conjunctiva  is  loosened  arotmd  the  cornea,  as  in  enuclea-* 
tion,  and  the  cornea  cut  away  at  the  scleral  junction,  the  upf 
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half  being  separated  by  the  ordinary  cataract  knife  and  the  re- 
mainder by  scissors.  The  contents  are  thoroughly  removed  either 
by  cotton -wrapped  probes  or  by  the  evacuator,  an  instrument  de- 
vised for  the  purpose.  Particular  attention  must  be  given  to  the 
complete  removal  of  the  uveal  coat  and  the  long  ciliary  nerves  that 
lie  on  the  inner  surface  of  the  sclera.  The  bleeding  is  checked  by 
pressure  of  small  pads  of  gauze  soaked  in  hot  bichlorid  solution 
and  the  cavity  thoroughly  cleansed.  The  scleral  edges  of  the 
wound  are  brought  together  by  silk  or  catgut,  which  may  in- 
clude the  conjunctiva,  or  the  latter  may  be  stitched  separately 
by  either  the  inlerrupted  or  the  purse-string  suture. 

GifiFord  advises  a  simple  evisceration  without  the  keratectomy, 
and  claims  that,  although  the  stump  gradually  diminishes  in  size 
until  the  cornea  is  reduced  to  a  mere  facet,  a  larger  stump  is 
finally  obtained  than  in  excision  of  the  cornea. 

The  object  of  evisceration  is  the  formation  of  a  more  movable 
stump  for  the  prothcsis.  The  subsequent  shrinking  of  the  tissues, 
however,  gives  a  support  that  is  in  no  way  superior  to  that  ob- 
tained by  enucleation  and  stitching  of  the  straight  muscles.  The 
severe  reaction  and  pain  following  the  operation,  the  long  con- 
valescence, and  the  final  shrinking  of  the  stump  are  disadvantages. 
Evisceration  is  contraindicatcd  in  s}Tnpathetic  irritation,  in  intra- 
ocular tumors,  and  in  degenerated  eyeballs. 

Evisceration  is  regarded  as  the  operation  of  necessity  in  recent 
panophthalmitis,  as  it  lessens  the  dangers  of  meningitis.  So  long 
as  the  aseptic  process  is  limited  to  the  globe  there  would  appear 
no  sufficient  reason  for  preferring  evisceration  to  enucleation,  but 
if  the  surrounding  tissues  are  involved  in  the  purulent  process, 
as  indicated  by  the  swelling  of  the  lids  and  conjunctiva,  eviscera- 
tion should  be  chosen. 

Evisceration  and  the  Insertion  of  an  Artificial  Vitreous 
of  Glass  or  Metal  {Mules' s  Operation). — This  operation  differs 
from  ordinar}'  evisceration  in  the  insertion  of  a  glass  or  metal 
sphere  into  the  cavity  of  the  sclera.  After  thorough  cleansing  of 
the  sclcnil  cup,  and  the  controlling  of  the  hemorrhage,  the  ball 
is  inserted  and  the  edges  of  the  sclera  are  brought  together  over 
it  by  silk  sutures  vertically  placed,  and  the  conjunctiva  is  stitched 
horizontally.     The  sphere  should  be  selected  with  the  view  that 
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it  shall  exeit  no  tenston  od  the  scleral  stitches.  A  special  instrti- 
meot  has  been  demised  to  insert  the  ball  into  the  sclera.  SHtting  j 
the  sdera  in  the  vertical  fneridianj  aboTe  and  below,  ^cOitates  j 
the  introduction  of  the  balL  Tborougli  asepsis  must  be  piactised 
thfougfaoy t  the  opeimlion  and  in  the  sufascqneni  tieatnieiit.  Severe 
reaction  with  chemosis  of  the  conjimctii*^  and  lids  foDows  the 
operation,  but  may  be  coatioU^  by  continucms  cold  compresses. 
The  prothests  rests  upon,  wfthom  imtating.  the  adequate  support 
of  the  founded  and  well-fiUed  scleial  coat|  and  is  capable  of  con- 
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dderable  moveraent.  There  is  no  accumulation  of  mucus  and  tears, 
and  the  cosmetic  effect  is  always  good^  even  though  subsequent 
attophy  lessens  the  movement  obtained  shortly  after  operation. 

The  operation  is  indicated  in  recent  rupture  or  injury  of  the 
globe,  if  the  sclera  is  not  too  much  lacerated,  and  substitutes  enu- 
deation  in  eyebaDs  requiring  removal  for  absolute  glaucoma,  cor- 
neal staphyloma,  or  chronic  non'traumatic  uveitis.  It  is  con  traindi- 
cated  in  purulent  diseases  of  the  globe,  morbid  growths,  sj^m pathetic 
mllanunation,  markedly  shrtinken  eyeballs,  and  in  old  persons* 

A  serious  drawback  to  permanent  success  is  the  tendency  of 
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the  scleral  cup  to  empty  itself  of  the  artificial  vitreous,  by  shrinking 
of  the  sclera.  The  ball  may  escape  within  a  few  days  or  after 
the  lapse  of  several  months. 

Implantation  of  a  Globe  in  Tenon's  Capsule  after  Enuclea- 
tion (Frost-Lang  Operation). — The  muscles  are  sutured  to  the 
conjunctiva,  and  the  eyeball  enucleated  in  the  ordinary  way. 
After  bleeding  has  stopped,  and  the  cavity  from  which  the  globe 
has  been  removed  rendered  aseptic,  a  sterile  hollow  sphere  of 
gold  or  glass  is  introduced  into  the  opening  in  Tenon's  capsule, 
and  the  capsule  and  conjunctiva  sutured  over  it. 

Several  modifications  of  the  operation  have  been  suggested. 
Suker  proposes  that  the  artificial  globe  be  imbedded  in  a  layer 
of  fine  surgeon's  sponge,  sutured  in  Tenon's  capsule  with  chro- 
micized  catgut,  and  the  recti  muscles  brought  together  in  pairs 
and  fixed  by  a  purse-string  ligature.  C.  A.  Oliver  brings  the  cut 
ends  of  the  four  recti  together  by  long  catgut  sutures,  and,  after 
enucleation  of  the  ball,  encloses  the  implanted  sphere  within 
Tenon's  capsule.  The  ball  may  be  inserted  in  orbits  from  which 
eyes  have  been  removed  some  time  previously,  as  suggested  by 
L.  Webster  Fox.  He  secures  a  cavity  of  suitable  size  by  incisions 
through  the  floor  of  the  socket,  and  afterward  sutures  the  cut 
edges  together  over  the  ball,  which  is  held  in  position  by  a  special 
"conformer." 

The  implantation  of  marine  sponge  into  the  emptied  Tenon's 
capsule  has  been  suggested  by  Claiborne  and  Belt.  The  objections 
to  this  procedure  arc  the  shrinking  of  the  sponge  and  the  time 
that  must  elapse  before  it  is  replaced  by  new  tissue. 

After  remote  enucleation  the  injection  into  the  orbit  of  chemi- 
cally pure  paraffin,  having  a  melting-point  of  102°  F.,  has  given 
good  results  as  a  substitute  for  other  materials.  The  melted 
paraffin  is  injected  through  an  opening  in  the  conjunctiva  and 
muscle  mass  in  the  center  of  the  floor  of  the  socket.  The  paraffin 
slowly  cools  and  undergoes  but  slight  contraction. 

Neurectomy  and  Optico-ciliary  Neurectomy  are  opera- 
tions at  present  rarely  performed.  They  are  not  preventive  of  pain 
or  sympathetic  inllammation.  Jiietti  has  shown  by  serial  sections 
of  an   eye  whicli  became  painful  seven  years  after  neurectomy 
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that  extensive  regeneration  of  the  nerve  ocoirred,  the  twigs 
entering  through  the  sclera  into  the  interior  of  the  eye. 

Abscission  {Keraieciofny). — ^This  operation  is  especially  indi- 
cated in  staphyloma  of  the  comea,  or  of  the  cornea  and  the  neigh- 
boring parts  of  the  sdera,  in  young  children*  It  has  for  its  object 
the  substitution  of  a  flat  smooth  cicatrix  of  the  anterior  portion 
of  the  globe  for  the  irregular  and  protruding  staphylomatous  mass. 

Abscission,  according  to  the  method  of  Critchett,  is  performed 
as  follows: 

The  base  of  the  staphyloma  is  pierced  by  several  cur\*ed  needles 
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threaded  with  silk,  the  punctures  and  counterptinctures  in  the 
sclera  being  at  equal  distances  from  the  edge  of  the  protruding 
tissue.  After  the  needles  arc  in  place  the  staphyloma  is  excised, 
the  needles  drawn  through  and  tied,  so  that  the  edges  of  the 
scleral  cut  are  brought  into  apposition.  The  needles  should  not 
pierce  the  ciHary  region,  otherwise  constant  tenderness  of  the  ball 
and  s)Tiipathetic  irritation  may  ensue- 
According  to  the  method  of  de  Wecker^  the  conjunctiva  is 
loosened  at  the  limbus  and  dissected  back  as  far  as  the  equator, 
and  four  sutures  are  then  passed  through  its  edges*    The  staphy- 
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lomatous  cornea  is  cut  off  and  the  lens  and  part  of  the  vitreous 
allowed  to  escape.  The  sutures  are  now  brought  together,  so 
that  the  conjunctiva  covers  the  open  wound. 

Exenteration  is  the  removal  of  all  the  contents  of  the  orbit. 
The  operation  is  often  necessary  in  extensive  malignant  growths 
that  have  invaded  the  orbit,  either  as  outgrowths  from  the  eye 
or  of  neighboring  parts,  and  is  performed  as  follows: 

After  enucleation  of  the  eye  the  outer  commissure  is  divided 
back  to  the  orbital  margin,  the  upper  and  lower  parts  deeply 
incised,  the  periosteum  separated  as  far  as  the  apex,  and  the 
orbital  contents  removed  by  a  scoop. 

The  bony  wall  of  the  orbit  should  be  exposed  in  every  part, 
and  the  orbit  thoroughly  cleansed  of  all  tissue.  The  details  of 
the  operation  are  modified  according  to  the  exigencies  of  the  case. 
The  disease  may  be  so  extensive  that  preliminary  enucleation  must 
be  omitted,  and  the  eye  removed  together  with  the  orbital  mass. 
After  bleeding  has  been  checked  by  pressure  or  by  the  actual 
or  galvanic  cautery,  the  cavity  should  be  packed  with  iodoform 
gauze. 

Artificial  Eyes. 

Artificial  eyes  are  constructed  of  glass  or  porcelain,  in  various 
sizes,  forms,  and  colors,  so  that  they  may  be  adapted  to  individual 
orbits  and  made  to  correspond  in  appearance  to  the  sound  eye. 
The  objects  of  wearing  an  artificial  eye  are  cosmetic  and  ther- 
apeutic, and  in  children,  to  prevent  asymmetric  growth  of  the 
bones  of  the  face  which  enter  into  the  formation  of  the  orbit.  The 
size  and  shape  of  the  socket  and  the  condition  of  the  orbital  con- 
tents are  guides  to  the  selection  of  an  artificial  eye.  If  the  ir- 
regularity of  the  conjunctival  sac  demands  a  specially  constnicted 
eye,  a  leaden  pattern  may  be  moulded  from  which  the  artificial  eye 
is  fashioned.  The  prothesis  should  resemble  the  sound  eye, 
should  have  mobility  and  stability,  and  be  easily  adapted  to  the 
orbital  contents.  A  defective  or  misfitted  prothesis,  or  one  that 
has  lost  its  polish,  will  give  rise  to  irritation  of  the  mucous  surfaces 
and  the  growth  of  granulation  tissue. 

The  stability  of  the  prothesis  depends  upon  its  size,  the  ac- 
curate adjustment  of  the  conjunctival  bed  behind  and  to  the  lids 
19 
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in  front,  upon  the  degree  of  cun^aturcj  and  upon  its  length  in 
relation  to  the  length  of  the  commissure- 
Cases  have  been  recorded  in  which  sympathetic  ophthalmia 
has  followed  the  wearing  of  an  artificial  eye  over  painful  atro- 
phied eyeballs- 

The  usual  artificial  eye,  fashioned  in  the  form  of  a  sfaeU,  has 
been  improved  and  popularized  by  Snellen.  The  modification 
consists  in  rounded  edges  and  closure  of  the  ca\nty  of  the  shell  by  a 
continuation  on  its  posterior  aspect  of  the  same  material,  forming 
practically  a  solid  eye.  This  form  prevents  the  suction  incident 
to  the  concavo-convex  shell  and  the  irritation  of  the  conjiinctival 
sac  induced  by  a  collection  of  tears  and  mucus. 

The  mten^al  of  time  that  must  elapse  after  operation  before  a 
glass  eye  may  be  worn  depends  upon  the  reaction  following  the 
operation,  upon  the  disease  of  the  eye  that  necessitated  its  removal, 


Fig.  156.— ^Sections  or  AmririciAL  Eye*     i-  Original  hollow  shelJ* 
walJcd  shell  (reform  eye). 
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and  upon  the  rapidity  of  healing  of  the  tissues.  After  sympa- 
thetic irritation  two  months  should  elapse  before  the  insertion  of  the 
eye-  After  enucleation  for  ordinary  causes  the  eye  may  be  in- 
serted in  three  nr  four  weeks.  A  temporary  eye  is  at  first  ordered, 
as  the  tenderness  of  the  tissues  and  the  smuH  size  of  the  cavity 
within  a  few  weeks  after  operation  prevent  the  wearing  of  a 
prothesis  of  full  size.  Should  inflammation  of  the  mucous  mem- 
brane arise,  it  is  to  be  treated  by  desistance  from  wearing  the 
prothesis  and  application  of  the  usual  remedies  for  chronic  con- 
juncti\ntis. 

To  Insert  an  Artificial  Eye, — The  upper  lid  is  elevated  T>y 
traction  on  the  skin  below  the  orbital  margin,  and  the  edge  of  the 
shell  introduced  under  the  upper  lid  and  almost  in  contact  with  it. 
The  lower  lid  is  now  retracted  and  everted^  to  permit  the  lower  edge 
of  the  eye  to  pass  into  the  lower  cul-de-sac.     By  easy  vertical  and 
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lateral  movements  the  eye  is  forced  into  the  socket  and  held  by 
the  lids. 

To  Remove  the  Eye.— The  head  of  a  large  pin  or  a  similar 
instrument  is  inserted  under  the  lower  margin  while  the  lower 
lid  is  everted.  By  this  means  the  artificial  eye  is  gently  pried  out, 
so  that  the  inferior  edge  passes  over  the  lower  lid,  and  falls  into  the 
extended  hand,  as  the  head  is  held  slightly  forward.  After  a 
short  experience  the  insertion  and  removal  of  the  eye  are  easily 
done. 

Care  of  the  Eye. — The  eye  should  not  be  worn  for  twenty-four 
consecutive  hours.  At  night  it  should  be  removed,  thoroughly 
cleansed  with  soap  and  water,  and  allowed  to  dry.  Under  favor- 
able circumstances,  an  artificial  eye  will  retain  its  polish  and 
smoothness  for  about  two  years.  Discharge  of  mucus  and  tears 
roughens  it  in  a  few  months,  in  which  case  its  edges  must  be 
rounded  and  its  surface  repolished,  or  the  eye  must  be  replaced 
by  a  new  one. 

Restoring  the  Cul-de-sac. — ^The  wearing  of  an  artificial  eye 
is  rendered  difficult  or  impossible  by  conjunctival  contraction  from 
bums  or  other  injuries,  laceration  of  the  conjunctiva  during  enu- 
cleation, by  the  xerotic  conjunctiva  of  trachoma,  and  by  irritation 
from  a  badly  fitted  prothesis.  Operations  for  cicatricial  contrac- 
tion have  been  suggested,  with  the  view  of  adapting  the  conjunctiva 
and  orbit  to  the  wearing  of  an  eye.  Weeks  has  recently  proposed 
the  following  method: 

The  lid  is  dissected  from  the  orbital  tissue  as  far  as  the  perios- 
teum, leaving  the  greater  part  of  the  conjunctiva  (if  conjunctiva 
be  present)  on  the  orbital  surface.  The  tissue  attached  to  the  lid 
should  include  the  fibers  of  the  orbicularis  palpebrarum  muscle. 
Free  canthotomy  is  sometimes  required. 

The  thin  skin  on  the  inner  aspect  of  the  arm  is  selected  for  the 
flap,  and  folded  with  the  epithelial  surfaces  in  apposition.  Three 
long  sutures,  each  armed  with  two  needles,  are  now  passed  through 
the  flap  at  the  bottom  of  the  fold,  so  that  each  suture  forms  a  loop 
on  the  epithelial  surface,  2  mm.  long  and  at  equal  distances  from 
each  other.  The  needles  of  the  sutures  are  carried  separately 
into  the  bottom  of  the  groove,  made  to  engage  the  periosteum  at 
the  margin  of  the  orbit,  and  pierce  the  integument.    The  flap  is 
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then  drawn  down  in  position,  the  sutures  being  tied  over  small 
rolls  of  gauze.  The  edges  of  the  flap  are  now  sutured  to  the  mar- 
gins of  the  defect.  A  plate  of  rubber  tissue  consisting  of  a  dozen 
or  more  layers  maintains  the  flap  in  proper  position.  The  plate 
is  well  lubricated  by  means  of  bichlorid  vasehn,  i :  500.  The 
wound  is  to  be  inspected  at  the  end  of  the  third  to  the  fifth  day, 
but,  unless  there  is  evidence  of  sloughing,  the  plate  is  not  disturbed 
until  seven  or  eight  days  have  elapsed,  when  it  is  taken  out,  the 
sutures  removed,  the  sac  and  plate  cleansed,  the  plate  replaced, 
and  the  bandage  reapplied.  An  artificial  eye  may  be  introduced 
at  the  end  of  two  or  three  weeks. 

Harlan's  method  of  dealing  with  cicatricial  bands  in  the  orbit 
consists  in  the  creation  of  a  canal  under  the  band  by  the  insertion 
of  a  piece  of  lead  wire,  the  ends  of  which  project  through  the  com- 
missure. After  a  fortnight  the  canal  is  lined  with  epitheUum  and 
has  no  tendency  to  become  obliterated.  The  roof  of  the  canal 
(the  cicatricial  band)  is  now  divided,  and  its  edges  kept  apart  by  a 
leaden  shell  and  eventually  by  the  artificial  eye. 


IHAPTER  XL 

GLAUCOMA. 

Glaucoma  is  the  name  given  to  a  disease  of  which  the  two 
characteristics  are  increase  of  the  intraocular  tension  beyond  the 
degree  recognized  as  normal  and  cupping  of  the  optic  disk. 
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Fig.  iS7*^^<^^PPrNG  or  the  Optic  Nemve.     t.  Physiologic  excavation.    2.  Shal* 
low  cuppijjg  in  optic  atrophy.     3.  Glaucomatous  cupping. 

Varieties.— Glaucoma  may  be  divided  clinically  into  the 
following  groups: 

I»  Frimary.~{i)  Acute  inflammator)^,  (2)  Chronic  inflam- 
matory,  (3)  Chronic  non-inflammatory  (simple  glaucoma). 
II .  Secondary. 
II L  Congenital  (Buphthalmos,  Hydrophthalmos). 

Cupping  of  the  Disk  is  the  feature  of  the  ophthalmoscopic 
picture  in  all  forms  of  glaucoma.  The  intraocular  extremity 
of  the  optic  ner\^e  is  displaced  backward  by  the  abnormal  intra- 
ocular tension.    The  excavation  is  shallow  or  deep  according  to 
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the  degree  of  pressure  and  duration  of  the  disease.  Its  walls  are 
abrupt,  or  in  old  cases  inclined  forward,  making  the  bottom  of  the 
cup  of  greater  diameter  than  its  edges.  The  blood-vessels  are 
deflected  from  their  course,  partly  concealed  by  the  overhanging 
edges  of  the  nerve,  and  bent  as  they  pass  out  into  the  retina  to 
follow  their  usual  course.  They  are  usually  drawn  to  the  nasal 
side  of  the  disk.  Glaucomatous  cupping  differs  from  physiologic 
cupping  in  that  in  the  latter,  even  in  the  most  exaggerated  forms,  a 
portion  of  the  nerve  head  remains  free  from  depression. 

The  cupping  of  atrophy  is  shallow,  the  vessels  are  less  abruptly 
bent,  and  the  nerve  head  is  pearly  white*  The  resemblance  be- 
tween the  glaucoma  and  atrophy  cups  is  close  in  advanced  stages 
of  each  disease,  and  it  becomes  necessary  to  depend  for  the  diag- 
nosis on  the  field,  the  pupillary  reaction,  and  the  tension. 

The  other  symptoms  and  signs  of  glaucoma,  not  constantly 
present  in  all  forms  of  the  disease,  may  be  stated  as  follows: 

Bilatedf  Fixed  Pupil, — The  pupil  is  dilated,  either  round  or 
oval,  and  does  not  respond  to  Hght  or  accommodation  and 
feebly  to  myotics*  The  iris  is  crowded  into  the  angle  of  the 
anterior  chamber.  The  pupillarj'  margin  is  irregular  in  outline^ 
and,  in  severe  cases,  encroached  upon  by  its  posterior  uveal  sur- 
face* Attachments  to  the  lens  capsule  are  never  found  in  uncom- 
plicated glaucoma.  The  iris  tissue  is  changed  by  atrophy  of  its 
muscular  fibers,  obliteration  of  the  vessels,  and  absorption  of 
pigment. 

Increased  Intraocular  Tension  is  a  prominent  and  constant 
sign  of  certain  types  of  glaucoma.  The  degree  of  elevation 
of  tension  varies  from  T  -hi  to  T  -hj*  It  is  higher  during  an 
attack,  less  during  the  intermissions,  and  after  the  disease  is  devel- 
oped is  always  above  normal.  Upon  the  hardness  of  the  ball 
depends  the  severity  of  the  symptoms. 

Haziness  and  Anesthesia  of  the  Cornea. ^The  cornea  loses 
in  part  its  transparency,  and  its  anterior  surface  is  roughened 
by  numerous  minute  ulcers  that  have  been  made  by  the  casting  oflf 
of  the  epithelium.  Its  refraction  is  irregular.  Both  haziness  and 
anesthesia  are  the  signs  of  edema  and  pressure  upon  the  nutrient 
nerves  of  the  cornea. 
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Sballowness  of  the  Anterior  Chamber. — ^The  antcro- poste- 
rior axis  of  the  anterior  chamber  becomes  shortened  by  the 
advancement  of  the  lens  and  iris.  The  shallowing  process  is 
extremely  slow,  except  in  the  acute  cases,  and  subject  to  frequent 
interruptions.  After  repeated  accessions  of  abnormally  high 
tension  the  anterior  chamber  becomes  totally  annihilated.  The 
shallowness  of  the  anterior  chamber  is  one  of  the  indications  of  the 
intensity  and  progress  of  the  disease. 

Field  of  Vision. — ^No  special  form  of  limitation  character- 
izes the  field.  It  was  formerly  believed  that  the  majority  of 
cases  showed  nasal  limitation,  followed  later  by  involvement  of 
all  the  periphery,  but  it  has  been  shown  by  Zentmayer  and  Posey 
that  nasal  limitation  is  not  more  common  than  concentric,  and 
that  many  fields,  especially  in  advanced  cases  of  simple  non-in- 
flammatory glaucoma,  show  irregular  limitations  and  scotomata. 
As  the  disease  progresses  the  fields  become  more  anrl  more  con- 
tracted until  total  blindness  ensues,  ('oncentric:  and  slightly 
irregular  contraction  is  consistent  with  the  nature  of  the  patholri^ic 
process.  If  each  section  of  the  nerve  and  nrlina  is  subjrrlwl  to 
equal  pressure,  the  atrophic  prrxess  is  uniform  and  i\w.  field  Iw 
comes  concentrically  smaller.  Irregular  or  varying  fields  and 
scotomata  would  indicate  greater  j^ressure  on  one  s<-riir)n  of  iIm* 
retina  or  ner\'e  than  ujK^n  the  others. 

Premonitory  Signs.— In  Unh  the  a<  utc  and  <hroni<  con- 
gestive ivfjes  of  glaucoma,  i>r'Klromal  symptoms,  although  not 
invariably  present,  are  of  imi^^irtance.  They  are:  h)  JIalo 
around  a  light:  ^2,  attacks  of  objuration  of  virion;  and  ^'^;  early 
pre:sbyo->ia  ari'i  '.han;/es  in  refraMJon. 

Ifato.  -V^jT  rr.'A-i*::-  ]jr*:<,t'A\ji'/  <h#'  onv-t  of  the  divavr  a  ring 
of  coior^  v..'J]  ty*;  Tj'/i'e'i  aroun'j  iiM-ry  '■rnall  flame  of  li;/hi.  It 
con*i-rS  -:*<..;.  of  *!:'.  "v.o  'ojof-..  bJ'j'-  a:j'j  n-d,  v.i'L  a  \jya/e  fn-e 
from  ^o;^^  v' v. '.*■'.  ",'",.  ^>"  ;s-io:.;5jJy  v^j*.  [ya'i'-rj^  v.-jl  ;//  }ja'.e 
obyrr. ':-:  "  .":/'y"  ';,*  v..].  *,*  'or^/^o.-  of  /  o.'Jy  >A'*r  hi> 
atte:;-  '='  '  ■■,  ■  ">••''  '.•;.■■'.  ",  .>  ',y  •.'* '^.' *:.'  *.*:'.* y.  :.'/.  '\\'.\\ 
coio"  !/''•'."'■''.'  ',"/y<\.  ' '■:  .  *  *'.  ■, .'  '•'  ':*.*/ ^\k'  rri^h'  *i*jTi 
'A  .;■'••  *,,  '•  '''••^'^,  ","'-..  },/'*:/.  >  ■  >^  :','ir .' r.rr  *A 
/.<.  .'/r*.'.  •  '  ' ',    ••'/•■■.'■I       'I  •  t  '\,',r    'V*'  ''/'**..'.'','. 
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junctivitis  are  not  arranged  in  the  formation  of  rings,  but  the  light 
itself  is  split  up  into  colored  rays  which  are  modified  or  made  to 
disappear  entirely  by  frequent  opening  and  closing  of  the  lids. 
The  conjunctiva  should  be  examined  in  all  case^  of  objective  color 
phenomena* 

Obscuralwi  aj  Fjj/<?ij. "Periodically,  at  first  at  long  interv^als, 
and  later  with  greater  frequency,  vision  is  dulled  for  both  distance 
and  near.  The  attacks  are  induced  by  exhaustion  consequent 
upon  some  unusual  mental  or  physical  strain.  The  degree  of  loss 
of  vision  is  not  great,  is  temporarj^  and  occasions  little  anxiety* 
With  the  dimmed  vision  is  associated  moderate  ciliary  neuralgia, 
referred  to  the  distribution  of  the  supraorbital  and  infraorbital 
nerves* 

Early  Presbyopia, — In  eyes  destined  to  become  glaucomatous, 
pri^bybpia  commences  at  an  age  earlier  than  forty-five,  and 
advances  with  rapid  strides.  The  usual  correction  for  such  eyes 
would  be  abnormally  strong  for  emmetropic  and  healthy  eyes* 
As  time  goes  on,  the  increase  in  the  strength  of  the  glass  is  dis- 
proportionate to  the  age,  and  one  should  regard  with  suspicion 
any  patient  past  middle  age  who  demands  an  unusually  strong 
reading  glass  for  his  time  of  hfe  or  who  requires  frequent  change 
in  his  ametropic  correction.  This  is  true  in  all  states  of  refraction, 
but  as  myopic  eyes  are  almost  immune  from  glaucoma,  and  as 
such  eyes  have  lessened  accommodation,  early  presbyopia  in 
myopia  possesses  but  little  diagnostic  value.  In  testing  hyperopes 
for  near  glasses,  allowance  must  be  made  of  course  for  the  hyper-, 
opic  correction.  In  astigmatic  eyes  the  intraocular  pressure  tends 
to  so  alter  the  corneal  curve  that  the  axis  of  the  astigmatism  is 
usually  against  the  rule. 

The  prodromal  symptoms  are  the  result  of  shghtly  increased 
intraocular  tension-  The  recession  of  the  near  point  is  due  to 
the  inefficient  action  of  the  ciliary  muscle,  owing  to  the  pressure 
upon  the  ciliary  nerves;  the  pain  is  due  to  pressure  upon  the  same^ 
nerves;  the  obscuration  of  vision  to  corneal  edema  and  to  the 
pr^sure  upon  the  retina  and  optic  nerv^e.  The  halo  is  probably 
due  to  change  in  the  cornea  from  pressure  upon  the  ciliary  nerves* 

Causes  of   Glaucoma. — No  conclusive   testimony  has  been 
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furnished  in  explanation  of  the  origin  of  glaucoma,  although 
theories  have  been  advanced  which,  in  part,  account  for  the 
disease.  It  is  generally  admitted  that  it  is  the  local  expression  of 
a  constitutional  dyscrasia,  probably  of  gouty  or  rheumatic  origin. 
The  advocates  of  its  constitutional  origin  base  their  arguments 
upon  the  average  age  at  which  the  disease  appears;  that  the  acute 
form  affects  women  more  frequently  than  men;  and  that  it  occurs 
more  often  in  certain  races  than  others,  and  in  the  subjcclb  of 
impaired  nutrition  and  weakened  absorjUion  through  age,  the  in- 
fluence of  disease,  or  unsanitarj-  living  and  insufficient  nourishment. 
The  claims  for  its  local  origin  are  based  uj^on  its  prerlilcclion  for 
h}-peropic  eyes,  upon  the  interfcrcnte  by  traumatism  or  div;ase 
with  the  outflow  through  the  anterior  Jiltralion  (..'inal  of  the  ex- 
cretions of  the  eye,  and  upon  its  rclif.f  by  Ior,;il  ihrjraj/y  and 
operation.  Gout  and  rheumali-sm  arc  r,onsir]*:r#:d  as  irnjxjrlanl 
factors  in  ihe  cau.-aiion  of  glaucoma,  ahhou;^h  il  is  tViiiit.uh  lo  Usuj: 
the  relation  bef.veen  the  f.vo  afT'.r.tiori^.  in^n.-av/i  iritrao'.ujar 
tension  er--?-^;:-  v.h'.-r;  :h':  f]':.s'.*:rjf]::.j/  aor.-'i  is  rornj^p- ..«:'!,  Ju'J'jr.jrij^ 
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the  interruption  of  ihe  exit  of  venous  blood  through  the  venae 
vorlicos£e-  The  valve- like  orifices  of  these  veins  in  the  sclera 
become  lessened  in  caliber  or  altogether  occluded  by  compression* 
The  entrance  of  arterial  blood  into  the  ball,  also,  is  reslricEed 
by  pressure  upon  the  anterior  and  posterior  ciliary  arteries  and 
upon  the  principal  artery  of  the  retina.  The  intraocular  tissues 
therefore  suffer  from  deficient  nourishment;  the  cornea  is  edem- 
atous, the  periphery  of  the  iris  is  pushed  against  the  posterior 
surface  of  the  cornea  and  becomes  adherent  to  it;  the  lens  is 
dislocated  forward,  and  both  it  and  the  capsule  are  opaque;  the 


I      ^^ 


^j 


Fio.  is^'^^Adresion  Between  the  Irk  anu  Com>f£At  Blocking  the  Filtea- 
Tio.v  AXGLE.  I*  Conjunctiva.  3.  Corner,  j,  CiHarir  body.  4*  CvaA  ol 
Schlemm.     5.  Flitntiun  anglep  closect     6.  Iris. 


uveal  coat  is  atrophied^  its  vessels  obliterated,  and  its  pigment 
absorbed;  the  vitreous  is  opaque  from  choroidal  exudation  and 
hemorrhage;  the  sclera  is  ectasic;  and  the  optic  nerve  and  retina 
are  atrophied.  In  a  word,  the  globe  and  its  contents  ane  d^ 
generated. 

I,  Primary  Glaucoma  may  develop  at  any  age,  but  attacks 
pre-eminently  individuals  between  forty- five  and  sixty  years 
of  age.  It  is  usually  preceded  by  the  stage  of  prodromes,  and 
affects  both  eyes  ^ith  an  interval  of  some  months  between  the 
attacks. 
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I.  Acute  Glaucoma  (Acute  Inflammatory  Glaucoma). — The 
Attack. — ^The  glaucomatous  attack  begins  with  excruciating  pain 
in  and  about  the  eyeball,  with  rapid  loss  of  \'ision  and  possibly 
vomiting  and  fever.  The  lids  are  swollen;  the  eye  becomes  in- 
tensely red  from  injection  of  all  the  ciliar}'  vessels  under  the  con- 
junctiva surrounding  the  cornea;  the  sclera  assumes  a  purple- red 
tint;  the  conjunctiva  becomes  edematous;  the  cornea  loses  its  nor- 
mal luster  and  is  dull,  uneven,  and  partly  insensitive;  the  anterior 
chamber  is  shallow;  the  iris  hj'pcremic  and  crowded  into  the 
angle  of  the  anterior  chamber;  the  pupil  \ridely  and  unequally 
dilated  and  immovable,  and  the  tension  of  the  eyeball  increased. 

Pain  is  intense,  sharp,  almost  unbearable,  and  radiates  through 
the  distribution  of  the  first  and  second  dinsions  of  the  fifth  ner\-e 
on  the  side  of  the  aflfectcd  eye.  It  comes  in  paroxysms,  continuing 
for  a  few  minutes  and  then  moderating;  in  a  few  seconds  or 
minutes  the  agonizing  pain  is  repeated,  and  thus  throughout  the 
attack  it  alternately  recurs  and  relaxes.  The  character  and  dis- 
tribution of  the  pain  present  all  the  features  of  an  acute  neuralgia. 

Vision, — Coincident  with  the  pain,  vision  diminishes  until 
within  a  few  hours  it  is  reduced  to  perception  of  light  or  even 
to  the  loss  of  all  light  perception.  The  blindness  persists  during 
the  attack.  With  the  diminution  of  the  signs  of  pressure,  vision 
is  gradually  restored,  until  in  a  day  or  two  it  has  recovered  a 
part  of  its  former  acuity. 

Intraocular  Changes. — A  view  of  the  fundus  is  well-nigh  im- 
possible because  of  irregular  refraction  of  the  lens  and  vitreous, 
and  because  of  the  semi-opaque  cornea.  If  the  fundus  could  be 
seen,  no  marked  pathologic  signs  would  be  apparent,  except 
retinal  ischemia  and  pulsation  of  the  retinal  arteries.  Cupping 
of  the  optic  disk  is  not  present  in  the  first  or  even  the  second 
attack  of  acute  glaucoma,  but  is  found  as  a  sym])tom  of  pressure 
only  after  the  eye  has  been  subjected  to  increased  intraocular 
tension  for  some  weeks  or  months.  The  inii)il  usually  remains 
slightly  (h'latcd  and  sluggish,  and  the  anterior  chamber  shallower 
than  before  the  attack. 

Prognosis. — After  a  period  of  (juict  a  second  attack  may 
appear,  and  thus  acute  glaucoma,  repealed  at  intervals  of  months. 
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and  then  of  weeks,  becomes  chronic  glaucoma  of  the  congestive 
type*  Early  iridectomy  offers  in  most  cases  the  most  favorable 
prospect  of  holding  the  disease  in  check  and  relieving  the  symp- 
toms. Without  treatment  the  affection  terminates  in  glaucomatous 
degeneration. 

2.  Chronic  Inflammatory  Glaucoma.— The  acute  and 
chronic  forms  of  inflammatory  glaucoma  are  closely  allied  in 
their  clinical  appearances  and  in  their  detrimental  effects  upon 
vision,  yet  they  have  essentially  different  manifestations,  so  that 
it  must  not  be  understood  that  the  chronic  form  is  always  an 
outcome  of  the  acute,  or  that  the  acute  invariably  passes  into  the 
chronic. 

The  completion  of  the  prodromal  stage  and  the  inauguration 
of  the  disease  are  not  separated  by  a  sharp  Une  of  division.  The 
former  continues  for  a  variable  length  of  time  and  merges  almost 
imperceptibly  into  the  latter. 

Symptoms* — The  prodromal  stage  may  be  said  to  stop 
when  the  eye  has  become  congested.  Glaucoma  has  developed 
when  the  intraocular  pressure  has  increased  until  the  function 
and  nutrition  of  the  ball  are  disturbed.  An  eye  in  the  early 
stages  of  the  glaucomatous  development  varies  greatly  in  appear- 
ance at  different  times.  During  the  acute  exacerbation  the 
symptoms  and  signs  are  exaggerated,  but  after  the  attack  sub- 
sides the  eye  resumes  in  part  its  previous  appearance.  By  the 
time  the  case  comes  under  medical  obsen^ation  the  disease  has 
sutBciently  advanced  for  an  easy  diagnosis. 

The  Attack. — During  the  attack  the  eye  presents  very  much 
the  picture  of  acute  glaucoma^  with  the  difference  that  the 
symptoms  are  less  intense.  The  conjunctiva  is  moderately  hy- 
peremic  and  slightly  edematous;  the  deeper  ciliary  veins  are 
overfilled  with  blood  and  readily  traced  to  their  point  of  disap- 
pearance into  the  sclera  Just  outside  the  corneal  border;  the  lids 
are  swollen  and  red;  lacrimation  is  profuse;  the  cornea  is  anes- 
iheiic,  partly  opaque,  and  denuded  of  its  epithelium;  and  the 
anterior  chamber  is  shallower  than  normal,  and  appears  to  be 
slightly  turbid. 

Recurring  attacks  vaiy  in  intensity,  but  aU  have  a  disastrous  * 
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eflfect  upon  the  functions  of  the  eye,  and  gradually  and  inter- 
ruptedly lead  to  absolute  blindness  and  glaucomatous  degenera- 
tion. In  the  inter\'als  the  congestion  diminishes,  the  pain  dis- 
appears, vision  improves,  the  media  clears,  and  the  examination 
of  the  eye-ground  may  be  conducted  with  ease  and  certainty. 
The  cupping  of  the  disk  is  the  most  striking  change  noticed. 
It  is  deep,  the  vessels  are  abruptly  cur\'ed,  and  the  lamina  stands 
out  distinctly.  The  scleral  ring  becomes  more  pronounced  as 
the  atrophy  of  the  choroid  includes  more  and  more  of  the  neigh- 
borhood of  the  disk,  completing  the  circle  around  it.  The  pulsa- 
tion of  the  retinal  arteries  extends  into  the  retina,  and  may  be 
followed  as  far  as  a  disk's  diameter  from  the  papilla.  The  veins 
are  dark,  tortuous,  overfilled,  and  often  pulsating.  Pathologic 
changes  in  the  region  of  the  fovea  and  in  the  peripherj-  of  the 
eye-ground  are  rare,  except  when  choroidal  disease,  independent 
or  pre-existing,  complicates  the  glaucoma. 

In  advanced  glaucoma  the  lens  becomes  cataractous,  the 
vitreous  body  fluid  and  opaque,  and  the  retina  and  choroid  atro- 
phied in  the  immediate  neighborhood  of  the  papilla. 

Prognosis. — During  the  prodromal  stage  the  use  of  local  and 
general  remedies,  and  in  the  developed  disease  iridectomy,  will 
do  much  to  hold  the  disease  in  check  and  to  avert  acute  out- 
breaks. Without  treatment,  glaucoma  will  terminate  in  complete 
and  incurable  blindness. 

Explanation  of  the  S3rmptoms. — It  may  readily  be  seen  that 
every  sign  and  symptom  of  inflammatory  glaucoma  is  dependent 
upon  increased  intraocular  tension.  Thus,  ciliary  congestion 
is  induced  by  the  retardation  of  the  flow  of  the  venous  blood. 
The  pupil  is  dilated  and  the  ciliary  muscle  paralyzed  because 
the  long  ciliary  nerves  are  compressed  and  their  function  de- 
stroyed. The  edema  and  anesthesia  of  the  cornea  arise  from 
the  same  cause.  The  oval  form  of  the  pupil  is  said  to  be  due 
to  the  unequal  forcing  fonvard  of  the  ciliary  j^rocesses,  allowing 
greater  expansion  of  the  iris  in  some  directions.  The  lens  is 
pushed  slightly  forward,  and  the  anterior  chamber  shallowed  by 
increase  in  the  contents  of  the  vitreous  humor.  The  optic  nerve 
head  is  excavated  only  after  repeated  recurrences  of  increased 
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tension.  It  is  said  that  the  optic  nen'e  entrance  offers  the  least 
resistance,  and  it  is  therefore  the  portion  of  the  eye-ground  that 
)ields  first  to  the  tension.  The  sight  is  lost  because  of  the  tran- 
sient paralysis  of  the  retina  from  compression  between  the  vitreous 
and  the  sclera;  the  tension  is  raised  because  of  the  abnormal 
increase  in  the  contents  of  the  ball,  or  retention  of  the  fluids  that 
should  be  excreted  through  the  filtration  angle  of  the  anterior 
chamber. 

Diagnosis  of  Inflamnmtory  Glaticoma. — In  the  prodromal 
stage  the  halo  symptom,  the  rapidly  increasing  presbyopia, 
the  periods  of  pain  and  dulled  vision,  unmistakably  point  to 
oncoming  glaucoma.  It  must  not  be  foi^otten  that  all  cases  arc 
not  preceded  by  distinguishing  signs.  In  glaucoma,  as  in  other 
diseases,  patients  do  not  complain  of  all  the  text-book  symptoms, 
and  do  not  state  their  grie%'ances  accurately,  but  in  women  near 
the  climacteric  or  in  individuals  of  gouty  or  rheumatic  diathesis 
the  elicitation  of  any  of  the  prodromes,  particularly  the  demand 
for  frequent  changes  in  the  near  glass,  would  justify  a  suspicion 
of  glaucoma. 

The  signs  and  symptoms  of  acute  glaucoma  are  pronounced 
and  characteristic,  and  in  the  great  majority  of  cases  no  difficulty 
should  be  e^tperienced  in  arriving  at  a  correct  diagnosis*  Glau* 
coma,  masked  by  some  pre-existing  affection,  such  as  intraocular 
tumor,  acute  or  chronic  iritis,  or  posterior  orbital  disease,  is  difl6- 
cult  of  recognition.  It  may  be  confused  with  iritis  and  irido- 
cjxlitis.    The  differential  points  are: 


AcTTTE  Iritis, 
Pupil    irregular,    contracted    and 

sluggish. 
Depth  of  anterior  chamber  usu- 
ally normal. 
Cornea  dear. 
Vision  slowly  declines. 
Supraorbital  pain,  usually  worse  at 

night- 
Tension  normal 


5.  Chronic  Non-inflaxmnatory  Glaucoma  iSimple  Giau- 
coma). — The  well-marked  and  characteristic  signs  of  inflammatory 


Acute  Glaucoma. 
Pupil  dilated  and  tued. 

Shallow  anterior  chamber. 

Cornea  hazy  and  anesthetic. 

Rapid  loss  of  sight. 

Intense  pain  in  and  about  the  eye. 

Tension  increased. 
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glaucoma  are  absent  in  this  affection.  The  disease  has  no  Gthcr 
sign  of  increased  intraocular  pressure  than  cupping  ol  tbc  optic 
papilla.  The  tension  is  usually  not  demonstrably  higher  thao 
in  entirely  healthy  eyes,  although  many  observers  claim  tbM 
careful  examination  will  show  an  increase  at  times. 

Symptoms, — The  patient's  attention  is  first  caUed  to  his  ejts 
on  account  of  failing  vision.  The  reduction  is  so  grudual  ibMl 
it  passes  unobserved  until  the  disease  is  advanced*  Vision  is 
unattended  by  marked  changes  as  in  the  in^mmatoi^'  fonn% 
and  reduction  is  progressive  unless  interrupted  by  treatment,  until 
blindness  ensues.    Cihar}'  neuralgia,  periodic  obscuration  of  lisrai. 


Fbc. 
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defects-    The  composite  fields  of  many  exammations  show  con- 
centric imitations  (Figs*  i6i  and  162). 

The  Excavatioo,— ^The  entire  surface  of  the  disk  is  pushed ' 
backward,  and  the  blood-vessels  abruptly  curved  as  they  pass 
over  its  border  and  are  forced  to  the  nasal  side,  exactly  as  in 
the  inflammatory  forms*  The  scleral  ring  may  be  complete,  but 
it  is,  as  a  rule,  not  well  marked.  Arterial  pulsation  is  seldom 
spontaneous,  but  may  often  be  induced  by  slight  pressure  on  the 
sclera  by  the  tip  of  the  finger. 

This  form  of  glaucoma  is  not  an  antecedent  stage  of  the  in- 
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Fig.  i6j. 


Flo.  i6rv^Cou:posETE  FisiD  Qt  167  Examinations  of  SiiiPLE  Gjlahcoma. — 

(Zentmiiyer  and  Fasty.) 

Fig*  16 a, — ^CoMPQSiTE  Field  or  184  Examinatiohs  of  Simple  Glaucoma, — 

{Be  SckweimiiM.) 

flammatory  forms,  nor  is  it  a  consequence  of  them;  it  has  been 
classiBed  under  glaucoma  because  of  the  cupping  of  the  optic 
disk  and  the  intraocular  pressure,  which,  it  is  assumed,  is  increased. 
Differential  Diagnosis >— The  sunken  optic  papilla  is  white, 
closely  resembling  the  whiteness  of  spinal  atrophy*  It  is  not 
always  possible  lo  distinguish  the  two  affections,  since  the  nerve 
is  often  cupped  in  atrophy  from  wasting  of  its  tissue.  In  atrophy 
the  cup  is  shallow  and  more  gradual  in  its  formation  and  the 
color- fields  are  disproportionately  restricted  as  compared  with 
the  form  field.  Cataract  and  other  loss  of  transparency  may  be 
mistaken  for  glaucoma  by  careless  observers. 
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Prognosis. — Simple  glaucoma  leads  inevitably  to  complete 
blindness,  although  it  may  be  temporarily  checked  by  treatment- 
Vision  is  finally  lost  through  atrophy  of  the  optic  nerve  and  retina. 

Treatment  of  Inflammatory  Glaucoma. — It  is  essential  as 
a  prophylactic  that  ametropia  should  be  corrected  and  that  proper 
glasses  should  be  worn  constantly.     This  relieves  not  only  strain 


Fm^  165.— Affjearancx  of  Fundus  in  a   Case  of  Chujonic  Inilamuatoiiv 

Glaucoma, 


on  the  ciliary  muscle,  but  also  the  choroidal  congestion  consequent 
upon  this  strain.  Since  glaucoma  is  essentially  a  disease  of  con- 
stituuonal  origin,  hygienic  measures  and  remedies  directed  to- 
ward a  correction  of  hereditar}^  and  acquired  diathesis  should  be 
employed.  The  gouty  and  rheumatic  disposition  should  be  com- 
bated with  restricted  diet,  colchicum,  Turkish  baths,  lithia  water. 
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alkaline  laxatives,  diuretics,  and  the  salicylates*  Habits  that  tend 
to  the  engorgement  of  the  cerebral  vessels  must  be  discontinued. 
Free  indulgence  in  alcohol  and  tobacco  is  pernicious. 

The  threatened  attack  of  active  development  of  the  latent 
tendency  in  the  congestive  t)T>es  can,  for  months,  be  warded  off 
by  the  use  of  eserin  sulphate  (gr.  ss  to  5J),  applied  frequently 
enough  to  guard  against  closure  of  the  filtration  angle  by  the 
peripheral  folds  of  the  iris. 

The  Attack. — The  only  means  that  has  received  uniform 
indorsement  in  the  acute  attack  of  glaucoma  is  iridectomy.  Thera- 
peutic measures  and  other  operations  are  not  to  be  thought  of 
as  substitutes  for  early  iridectomy,  which  has  saved  many  eyes 
that  would  otherwise  have  been  lost-  It  is  in  acute  glaucoma,  and 
the  early  acute  exacerbations  of  chronic  inflammatory"  glaucoma, 
that  iridectomy  gives  the  best  results.  Its  failure  to  relieve  in 
other  forms  has  led  to  the  adoption  of  other  remedies.  The 
operation  should  be  performed  without  unnecessary  delay <  The 
lapse  of  a  few  hours  may  preAcnt  complete  success,  so  intense 
are  the  sjTnptoms  and  so  rapid  the  destruction  of  function  and 
the  disorganization  of  the  intraocular  tissues.  If  iridectomy  can- 
not be  immediately  performed,  solutions  of  sulphate  of  eserin 
(i  to  2  grains  to  the  ounce)  should  be  instilled  repeatedly  until 
the  pupil  is  contracted  or  until  the  drug  is  shown  to  be  ineffi- 
cacious. The  first  few  instillations  should  be  made  at  intervals 
of  one-half  hour,  and  afterward  sufficiently  often  to  keep  the 
pupil  contracted.  Eserin  may  be  regarded  as  an  adjunct  to  the 
iridectomy,  but  never  a  substitute  for  it  In  acute  cases.  To  relieve 
pain  that  eserin  fails  to  cure,  or  if  the  iridectomy  is  unsuccessful 
in  allaying  the  pain,  hyptidermic  injections  of  morphin  are  indi- 
cated. Internally  sodium  salicylatei  15  grains  ever)*  three  hours, 
will  be  useful^  Diaphoresis  induced  by  hot  baths  and  hypodermic 
injections  of  pilocarpi n  may  be  resorted  to  in  obstinate  cases 
in  which  the  symptoms  have  not  \ielded  to  other  remedies.  Arti- 
cles of  clothing  that  constrict  the  blood-vessels  at  the  neck,  and 
any  position  of  the  body  which  would  encourage  a  flow  of  blood 
10  the  head,  must  be  avoided.  During  the  treatment  eserin 
should  be  instilled  in  the  unaffected  eye. 
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Iridectomy. — The  operation  differs  essentially  from  that  per- 
formed for  optical  purposes  or  for  the  extraction  of  cataract. 

The  incision  is  made  in,  or  slightly  posterior  to,  the  limbus, 
in  order  that  the  root  of  the  iris  may  be  included  in  the  incision, 
and  is  made  as  wide  as  practicable.  In  withdrawing  the  kera- 
tome  it  should  be  turned  first  to  one  side  and  then  to  the  otherj  so 


Fig.  164* — Ieidectomv:  Tfce  blade  of  the  keratoma  is  in  the  anterior  chamber- 


that  the  cut  will  be  as  long  in  the  anterior  chamber  as  it  is  exter- 
nally. The  closed  iris  forceps  are  inserted  into  the  anterior 
chamber  through  the  middle  of  the  cut,  a  portion  of  the  iris  mem- 
brane is  firmly  grasped,  hfted  out,  and  cut  off  by  two  or  three  snips 
of  the  scissors,  the  latter  gently  pressing  the  edges  of  the  incision 
inward.  In  this  manner  a  large  piece  of  iris  extending  from  the 
pupillary  border  to  the  root  is  excised. 
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Acute  glaucoma  id  tbe  apparentlr  soiitid  rfe  foOowiiig  opera- 
tion on  the  diseased  eye  h  not  mfreqtteiit,  EseriB  as  a  precau* 
tkNiarf  meflsure  bodi  before  aiid  after  the  iridectomy  is  iDdicated, 

In  cases  of  monocular  gkucoEim  ol  infiammaton^  t>pe, 
de  Schweiniiz  has  suggested  the  propriety  erf  perfonning  iridec- 
tomy on  the  apparently  sound  e>"e  at  the  time  of  operation  oo  the 
diseased  eye-  Theoretically  and  practically  the  suggestion  may  be 
a  valuable  one. 


Wf: 


FlC.  165. — IjtiDECXOMY:  A  portion  of  tbe  iris  has  been  drawn  through  tbe  cut 
in  the  sclera,  and  excised  clo^  to  its  cMiary  jittjiduticDt  by  one  or  moK  smp^ 
oi  the  scissors  held  parallel  to  the  scJerai  incisideL 


Anterior  Sclerotomy,^ — ^This  operation  is  a  substitute  for  in* 
dcctomy,  or  is  performed  when  the  latter  has  failed  to  relieve 
tension,  De  Wecker  claims  better  results  for  iridectomy  in  the 
cases  in  which  sclerotomy  has  been  previously  performed. 

The  point  of  a  narrow  Graefe  knife  is  entered  through  the 
sclera  on  the  temporal  side,  t  mm,  from  the  limbus.  The  knife 
fa  carried  across  the  anterior  chamber  and  the  counterpuncture 
made  at  the  opposite  point.  By  slow  manipulation  the  knife  is 
mafic  to  cut  the  scleral  limbus  on  both  the  temporal  and  nasal 
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sides,  leaving  a  small  bridge  of  uncut  tissue  (2  mm.)  at  the  upper 
extremity  of  the  vertical  axis  of  the  cornea.  The  operation  is 
seldom  followed  by  reaction,  the  wound  healing  in  a  few  hours. 
The  operation  should  be  preceded  and  followed  by  instillations 
of  eserin. 

Posterior  Sclerotomy. — ^This  operation  may  be  employed 
to  reduce  intraocular  tension  temporarily,  or  as  a  preliminary 
measure  in  eyes  in  which  the  anterior  chamber  is  too  shallow  to 
permit  an  iridectomy.  By  thus  reducing  the  volume  of  vitreous 
the  anterior  chamber  is  deepened. 

A  narrow  Graefe  knife  is  entered  into  the  vitreous  chamber 
through  an  incision  posterior  to  the  ciliary  body  and  between 
the  superior  and  external  recti  or  the  inferior  and  external  recti 
muscles.  The  cut  is  made  meridianal  to  escape  the  choroidal 
vessels  and  prevent  gaping  of  the  edges  of  the  wound.  Prior  to 
entering  the  knife  the  conjunctiva  is  drawn  to  one  side  by  the 
forceps,  so  that  upon  completion  of  the  operation  the  opening  in 
the  sclera  is  covered  by  the  return  of  the  conjunctiva  to  its  normal 
position.    The  oozing  of  fluid  may  continue  for  several  days. 

Paracentesis  of  the  Cornea  is  another  temporary  measure  to 
reduce  the  tension  of  the  ball.  The  knife  is  entered  midway 
between  the  periphery  and  center  of  the  cornea  and  the  aqueous 
allowed  to  escape  slowly. 

Massage  of  the  Cornea  may  prove  useful  in  the  treatment  of 
chronic  inflammatory  and  simple  non-inflammatory  glaucoma. 
It  is  practised  by  pressure  through  the  upper  lid  in  the  direction  of 
the  tangent  to  the  corneal  limbus.  The  degree  of  pressure  to  be 
exerted  depends  upon  the  amount  of  abnormal  tension;  the  higher 
the  tension,  the  greater  the  pressure.  The  manipulation  should 
be  continued  on  an  average  of  five  minutes,  and  may  be  repeated 
each  day  or  even  several  times  in  one  day.  The  therapeutic 
result  is  supposed  to  be  due  to  the  increased  patulousness  of  the 
excretory  canals,  and  hence  the  quicker  excretion  of  the  intra- 
ocular contents. 

Sympathectomy. — The  removal  of  the  cervical  ganglia  of  the 
sympathetic  system  on  the  affected  side  has  been  employed  in  cases 
in  which  eserin,  iridectomy,  and  sclerotomy  have  failed  to  check 
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the  advance  of  the  glaticoma.  The  immediate  effect  of  the 
operation  in  most  of  the  reported  cases  has  been  to  produce  con- 
traction of  the  pupil  and  decrease  in  the  tension,  but  this  result 
has  not  always  been  permanent.  It  is  an  operation  that  should 
not  be  attended  with  dangerous  resuUs,  although  death  has  fol- 
lowed its  performance.  In  simple  glaucoma  it  may  be  resorted  to 
after  all  other  treatment  has  been  vainly  tried.  It  is  a  procedure 
of  questionable  value  in  congestive  u-pes  of  the  disease. 

Treatment  of  Simple  Glaucoma .^ — The  medicinal  and  opera- 
tive measures,  always  indicated  and  frequently  successful  in  the 
inflammator}.*  forms,  are  not  without  value  in  simple  glaucoma. 
As  soon  as  the  disease  is  recognized  appropriate  glasses  should  be 
worn,  causes  of  mental  worry"  and  physical  stress  avoided,  change 
of  scene  and  relief  from  daily  home  or  business  cares  advised,  and 
treatment  instituted  for  any  systemic  derangements,  particularly 
tile  correction  of  an  uric  acid  diathesis. 

The  pathogenesis  of  the  disease  is  so  obscure  that  there  is 
naturally  a  diversity  of  opinion  as  to  treatment,  \\Tiile  many 
^pcu lists  beheve  that  a  large  peripheral  iridectomy  should  be  per- 
jrraed  as  soon  as  the  nature  of  the  affection  is  determined,  others 
of  equally  large  experience  contend  that  operation  does  not  check 
the  progress  of  the  disease,  and  they  iridectomize  only  when  other 
measures  have  failed.  They  make  a  careful  plotting  of  the  visual 
field,  and  in  addition  to  eserin  locally  (gr.  J  to  ,5j),  give  internally 
str)xhnin,  iodid  of  sodium  or  potassium,  nitroglycerin,  and  salicy- 
lates* Should  the  visual  field  fail  to  be  preserved  from  further 
contraction  by  these  measures,  iridectomy  or  sclerotomy  is  per* 
formed.  Of  the  two  operations,  iridectomy  is  preferable.  Ante* 
nor  sclerotomy  may  be  reserved  for  a  second  operation. 

n»  Secondary  Glaucoina« — Occlusion  of  the  excretory  canals 
at  the  comeo-sderal  border  or  interruption  of  the  communication 
between  the  \itreous  and  anterior  chamber  by  reason  of  pre- 
casting  disease  or  of  traumatism,  alters  the  relation  between  the 
secretion  and  excretion.  The  intraocular  contents  are  increased 
and  glaucomatous  symptoms  induced.  Secondary  glaucoma 
follows  wounds  of  the  cornea  which  involve,  either  directly  or 
indirectly,  the  filtration  angle;   complete  annular  s)Tiechi3ej  by 
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which  the  passage  of  fluid  into  the  anterior  chamber  is  prevented; 
lateral  or  anterior  dislocation  of  the  lens;  extensive  wounds  of  the 
ciliary  region;  and  sometimes  serous  irido-choroiditis. 

The  mechanical  obstruction  to  the  exit  of  intraocular  fluid 
through  the  filtration  canal,  common  in  the  diseases  and  trau- 
matisms mentioned,  is  the  result  of  the  direct  entanglement  of  the 
periphery  of  the  iris,  wholly  or  in  part  in  the  filtration  angle.  In 
complete  posterior  synechiae  the  secretion  in  the  posterior  part  of 
the  globe  continues,  but  the  outlet  for  the  greater  part  of  it  is  shut 
off.  This  either  forces  the  lens  and  iris  forward,  so  that  the  ante- 
rior chamber  becomes  shallow,  even  annihilated,  or,  should  only 
the  pupillary  border  of  the  iris  be  adherent  to  the  lens  capsule, 
the  body  of  the  iris  is  pushed  forward  and  iris  bombs  results. 
(See  Fig.  242.) 

Unless  the  proper  relation  between  secretion  and  excretion  is 
re-established  by  excision  of  a  piece  of  iris,  vision  remains  entirely 
lost,  and  the  eye  goes  on  to  glaucomatous  degeneration. 

Hemorrhagic  Glaucoma. — This  form  differs  from  the  acute 
and  chronic  only  by  the  addition  of  hemorrhages  into  the  retina. 
Usually  a  capillary  vein  becomes  overfilled  with  blood,  and,  unable 
to  withstand  the  intravenous  pressure,  bursts,  and  the  blood  finds 
its  way  among  the  layers  of  the  retina.  Presumably  the  blood- 
vessels themselves  are  rendered  more  friable  by  pathologic  changes 
in  their  coats.  The  hemorrhages  are  limited  to  the  retina,  and  are 
not  found  in  the  posterior  or  anterior  chambers.  The  tendency  to 
hemorrhage  is  also  shown  after  operation,  either  immediately 
following  the  incision  or  some  hours  later.  Profuse  hemorrhage 
causes  expulsion  of  the  contents  of  the  eye.  Iridectomy  is  less 
valuable  than  in  other  forms  of  the  disease.  The  preferable 
operation  is  anterior  sclerotomy.     General  tonics  are  useful. 

Fulminating  Glaucoma. — The  word  fulminating  is  applied 
to  an  unusually  intense,  acute  glaucoma,  in  which  the  symptoms 
of  the  disease  arc  so  violent  that  the  vision  is  lost  in  a  few  hours. 
It  may  be  developed  by  the  injudicious  use  of  a  mydriatic  in  any 
eye  in  which  glaucoma  was  threatening. 

Glaucomatous  Degeneration. — In  absolute  glaucoma,  that 
is,  loss  of  vision,  chronic  congestion,  constant  pain,  shallow  ante- 
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nor  chamber,  iris  bomb^,  and  opaque  lens,  no  treatment  will 
restore  vision,  but  the  pain  may  be  relieved  by  the  instillation  of 
eserin,  by  anterior  or  posterior  sclerotomy,  or  by  excision  of  the 
cervical  gland  of  the  sympathetic.  Recently  several  cases  of 
complete  relief  of  pain  have  been  reported  from  sympathectomy 
after  other  operations  had  failed.  If  the  eye  is  painful  and  blind, 
and  all  remedial  measures  have  proved  of  no  avail,  enucleation 
becomes  necessary. 

III.  Congenital  Glaucoma  {HydropJtthalmoSy  Buphthalmos, 
or  "O.v-eye"). — In  this  affection,  which  is  sometimes  acquired,  the 
ball  is  uniformly  enlarged,  and  in  the  early  stages  the  tension  is 
abnormally  high.  The  sclera  is  attenuated  and  bluish,  and  in  the 
ciliary  region  discolored  by  the  ciliary  body.  All  the  diameters 
of  the  cornea  are  enormously  increased,  deepening  the  anterior 
chamber  and  magnifying  the  iris  and  pupil.  Because  of  partial 
dislocation  of  the  lens,  the  iris  trembles  upon  every  movement  of 
the  ball,  and  the  pupil  is  dilated  and  only  slightly  responsive.  The 
optic  nerve  is  deeply  excavated  (in  the  late  stage)  and  pale.  The 
choroid  is  partly  atrophied  and  the  vessels  arc  dilated  and  promi- 
nent. 

The  disease  may  be  unilateral  or  bilateral.  The  clinical  fea- 
tures are  not  identical  with  those  of  glaucoma  in  the  adult,  because 
in  the  young  the  ocular  coats  are  distensible  and  yield  to  the  intra- 
ocular tension.  In  the  adult  the  coats  have  lost  their  elasticity, 
and  therefore  the  first  effect  of  pressure  is  the  excavation  and 
atrophy  of  the  optic  nerve.  The  congenital  form  is  the  result  of 
disease  of  the  uveal  coat  of  intrauterine  life  or  of  heredity.  The 
acquired  form  of  hydrophthalmos  is  one  of  the  sequels  of 
ophthalmia  neonatorum.  Treatment  is  of  little  avail.  Myotics, 
sclerotomy,  and  iridectomy  may  check  for  a  lime  the  progress  of 
the  disease.  Partial  or  complete  blindness  depending  upon  the 
degree  of  atrophy  of  the  optic  nerve  and  opacity  of  the  media  is 
the  inevitable  termination. 


CHAPTER  XII. 

DISEASES  OF  THE  CRYSTALLINE  LENS. 

Anatomy. — The  cr}'stalline  lens  is  a  transparent,  biconvex,  encap- 
sulated structure  attached  to  the  ciliary  body  by  the  suspensory  ligament, 
and  situated  between  the  aqueous  and  vitreous  chambers.  Its  average 
dimensions  in  the  adult  are:  antero-posterior  axis,  3.7  mm.;  equatorial 
or  transverse,  9  mm.  (Strieker) ;  and  weight  from  \  to  J  gram. 

The  anterior  surface  has  a  less  curvature  than  the  posterior,  and  is 
susceptible  of  constant  change  in  its  radius  of  curvature,  according  to 
the  modifications  induced  by  the  ciliary  muscle  in  the  exercise  of  accom- 
modation. The  posterior  surface,  lying  in  a  depression  of  the  vitreous 
body,  is  capable  of  less  change  of  curve  or  probably  none  at  all,  and  its 
position  in  relation  to  the  vitreous  is  practically  uninfluenced  by  the 
contraction  and  relaxation  of  the  ciliary  muscle. 

The  lens  as  a  whole  is  divided  into  sectors,  the  union  of  which  is  not 
perceptible  in  transparent  state,  but  is  readily  seen  in  commencing 
cataract.  The  lens  is  composed  of  a  cortical  portion,  representing  the 
main  body,  and  a  nucleus  in  its  geographical  center.  The  cortex  con- 
sists of  a  series  of  concentric  layers  of  fibers  encircling  the  nucleus,  the 
most  structureless  internal  ending  of  these  lenticular  fibers.  They  are 
bathed  with  an  amorphous  fluid  known  as  liquor  Morgagni,  by  means 
of  which  friction  of  the  layers  of  fibers  against  each  other  in  the  change 
of  shape  in  the  lens  is  avoided.  The  anterior  endings  of  the  lens  fibers 
are  in  direct  contact  with  the  hexagonal  cells  which  line  the  posterior 
layer  of  the  anterior  capsule,  each  cell  having  been  shown  to  be  the 
source  of  nutrition  to  its  corres[)onding  fiber.  Enclosing  and  joining 
together  the  cells  are  extremely  fine  fibers  (Wallace). 

The  lens  is  enveloped  by  a  capsule,  transparent  and  elastic,  derived 
from  the  hyaloid  membrane.  The  susj)cnsory  ligament  consists  of  a 
reduplication  of  the  posterior  capsule.  It  is  a  thin,  transparent,  elastic 
structure,  and  is  said  to  contain  a  space  between  its  two  layers,  known 
as  the  canal  of  Petit.  The  existence  and  function  of  this  canal  are  un- 
certain. The  suspensory  ligament  holds  the  lens  in  its  normal  relation 
with  its  contiguous  j)arts  and  also  permits  of  accommodative  change  in 
form,  made  possible  by  its  elasticity.  It  is  attached  to  the  under  portion 
of  the  ciliary  body  and  directly  to  the  ligamentum  pectinalum,  joining 
the  ciliary  region  with  the  corneo-sderal  border. 

Cataract. — Any  opacity  of  the  crystalline  lens  or  its  capsule, 
partial  or  compk-tc,  is  known  as  cataract.     Opacity  of  both  the 
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lens  and  its  capsule  is  known  as  capsulo-hfUkular  cataract;  of  the 
lees  alone,  as  lenticular;  of  the  capsule  alone>  as  capsular. 

Varieties,— Cataract  may  be  described  according  to  the 
clinical  appearances,  etiolog>%  site,  degree  of  progress,  or  to  the 
age  at  which  it  appears.  It  is  primary,  when  it  develops  without 
preceding  or  accompanying  ocular  disease,  and  stcondary^  when 
its  origin  can  be  traced  to  traumatism  or  morbid  processes  in  the 
ocular  tissues. 

Primary  Cataract  is  classified  according  to  its  stage,  as  in- 
cipient,  advanced,  or  complete,  unripe,  ripe,  or  overripe;  to  its 
site,  as  nuclear,  perinuclear,  axial,  polar,  cortical,  or  diffuse;  to 
its  color,  as  gray^  white,  or  black;  to  age,  as  juvenile  or  soft,  hard  or 
mixed;  to  its  chemistry,  as  calcareous  or  bony;  and  to  its  systemic 
cause,  as  diabetic,  nephritic,  etc* 

Secondary  Cataract  is  a  result  of  the  deleterious  influence 
on  the  nutrition  of  the  lens  of  inflammation  of  the  cornea,  iris, 
ciliary  body,  or  deeper  tissues  of  the  eye»  It  may  follow  wounds 
of  the  cornea  that  permit  of  the  escape  of  the  aqueous  humor  and 
forward  dislocation  of  the  lens^  chronic  iritis  with  posterior  syne- 
chiae,  sderal  ectasia,  hyalitis,  choroiditis,  and  detachment  of  the 
retina. 

Soft  Cataract  is  any  opacity  of  the  lens  occurring  before 
middle  hfe*  Before  the  age  of  thirty  the  nucleus  of  the  lens  is 
small  and  soft,  while  the  cortical  portion  is  relatively  large.  Soft 
cataracts  are  congenital  or  traumatic,  or  are  due  to  local  infiam- 
mations  or  constitutional  disease. 

Hard  Cataract,— In  individuals  past  middle  life,  partial  or 
complete  loss  of  transparency  of  the  lens,  not  due  to  traumatism, 
ocular  or  constitutional  disease,  is  known  as  senile,  or  hard, 
cataract.  Unlike  soft  cataract,  the  nucleus  of  the  lens  is  large  and 
firm,  and  the  cortex  remains  relatively  soft  until  the  opacity  has 
involved  the  entire  lens.  Opacity  of  the  nucleus  is  nuclear  cataract; 
of  the  cortex,  cortical  cataract. 

Cataract  may  be  divided  for  clinical  study  into:  (I)  Con- 
gem'tal  or  juvenile  cataract;  (11)  traumatic  cataract;  (III)  secon- 
dary cataract;  (TV)  complicated  cataract;  (V)  senile  cataract;  (VI) 
after-cataract. 


CONGENITAL  CATARACT. 
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I.  Congenital  Cataract.— ^Opacities  appear  in  the  lens  at 
birth  or  develop  during  early  life  in  consequence  of  interruption 
in  the  growth  of  the  lens  in  utero,  or  from  fetal  defects,  inflam- 
mation of  the  uveal  coat,  or  under  the  influence  of  heredity.  They 
are  single  or  multiple^  complete  or  partial,  monocular  or  binoc- 
ular, and  invade  certain  well-defined  sections  in  the  lens*  They 
may  remain  for  many  years  without  change,  although  late  in  hfe 
the  opacity  is  apt  to  spread  until  the  entire  lens  is  opaque.  Am- 
blyopia, nystagmus,  and  strabismus  are  often  associated  with  and 
probably  caused  by  these  opacities.  Partial  congenital  cataract 
may  be  anterior  polar,  posterior  polar,  or  lamellar. 

Complete  cataract  of  young  people  is  of  bluish-white  colon 
It  is  usually  of  slow  growth,  appearing  in  one  or  both  eyes.  It 
develops  without  pain  or  other  symptoms  than  the  gradual  loss 


Fig,  i66. 


Fig.  t67. 


Fig.  1^, 


Figs.  i66,  167^  azid  168* — VARiirms  or  Congenital  Cataract  (Obliqite  Iixu- 
mixation).  Hg*  166,  Amcrior  polar;  Fig.  167,  Posterior  polar;  Fig.  16S 
La^mellar  cataract* 


of  vision,  and  follows  a  course  identical  with  the  maturing  of 
cataracts  in  elderly  people. 

Anterior  Polar  Cataract  is  a  congenital  opacity  in  the  antero- 
posterior  axis  of  the  lens  immediately  behind  the  capsule.  It  is 
small,  well-de&ned,  and  densely  white,  and  is  probably  the  result 
of  lack  of  development  or  of  intrauterine  disease  of  the  eye. 

Posterior  Polar  Cataract^  an  opacity  at  the  posterior  extremity 
of  the  axiSj  presents  simikr  appearances  to  anterior  polar  cataract, 
and  is  either  circular  or  radiating  in  outline,  usually  the  latter.  It 
arises  from  lack  of  development^  or  from  some  interference  with  the 
transparency  of  the  lens  by  the  hyaloid  artery. 

Pyramidal  Cataract  is  a  small,  circumscribed,  dense  white 
opacity  upon  the  surface  of  the  anterior  capsule  jutting  forward 
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into  the  anterior  chamber  or  backward  into  the  lens  substance- 
It  is  the  result  of  transient  contact  of  the  capsule  with  the  cornea 
foIloTi^'ing  ulceration  and  perforation  in  intrauterine  hfe  or  early 
infancy*  It  is  often  referred  to  as  anterior  polar  caiaracL  The 
opacity  consists  of  degenerated  products  of  localized  inflammation 
amalgamated  with  corneal  and  iritic  exudation.  It  usually  remains 
unaltered  in  si^e  and  shape,  and  treatment  is  seldom  indicated 
unless  the  entire  lens  becomes  cloudy.  If  it  materially  interferes 
with  \ision,  a  small  iridectomy  should  be  made  m  the  lower  inner 
quadrant. 

Lamellar  or  Zonular  Cataract.— One  or  more  perinuclear 
layers  of  the  lens  tying  in  juxtaposition  are  opaque  and  the  re- 
maining portions  are  clear*  The  opacity  is  not  um7ormly  dense, 
and  does  not  exclude  vision  for  most  practical  purposes.  The 
density  of  the  opacity  and  the  cflFect  on  vision  increase  propor- 
tionately with  the  number  of  layers  affected. 

Diagnosis  of  Congenital  Cataract. — The  opacities  can  be 
seen  either  by  oblique  illumination  or  by  the  ophthalmoscope. 
The  anterior  polar  cataract  is  a  dense  white  spot,  lying  in  the 
plane  of  the  iris,  and  mo\ang  in  the  direction  of  any  voluntary 
movement  of  the  lens  and  with  equal  speed.  An  opacity  is  deter- 
mined to  be  at  the  posterior  pole  by  noting  its  movement  in  re- 
lation to  the  pupil.  If  the  eye  is  rotated  downward,  the  opacity 
will  ghde  upward,  and  may  be  seen  again  only  by  having  the  eye 
turned  upward.  The  zonular  cataract  is  situated  a  short  distance 
back  of  the  plane  of  the  iris,  and  extends  over  the  pupillary  regioni 

Children  afflicted  with  congenital  opacities  of  the  lens  present, 
as  a  rulCj  other  abnormalities  in  their  development.  The  ten- 
dency is  distinctly  hereditar)*,  and  ihe  affection  is  usually  bin- 
oculan  Several  instances  have  been  reported  of  cataract  through 
four  generations  of  one  family. 

Decidedly  lowered  vision  unassociated  with  disease  of  the 
eye-ground  is  an  indication  for  surgical  treatment  during  the  first 
years  of  Ufe. 

IL  Traumatic  Cataract  is  due  either  to  direct  injury  or  to 
concussion.  Under  thirty  years  of  age  the  cataract  is  soft;  over 
thirty,  hard*    SweUing  and  opacity  follow  the  entrance  into  the 
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lens  tissue  of,  or  the  laceration  of  the  lens  capsule  by,  a  foreign 
body.     Not  infrequently  the  opacity  caused  by  slight  injuries 
affects  only  a  sector  of  the  lens,  which  regains  its  transparency  in 
the  course  of  a  few  weeks,  but  such  a  favorable 
termination  is  not  to  be  expected.    A  ruptured 
capsule  seldom  heals.     Either  the  lens  matter 
escapes  into  the  anterior  chamber  and  is  ab- 
sorbed   by  the  aqueous,  or  the  lens  rapidly 
swells,  compresses  the  iris  into  the  angle  of  the 
anterior  chamber,  and  induces  secondary  glau-    pj^.    169.— Trau- 

coma.     Should  the  edges  of  the  w^ounded  cap-       matic  Cataract, 
°  \  WITH  Rupture  of 

sule  unite  while  the  lens  is  entire,  the  pathologic       the  Iris. 

process  is  limited  to  a    loss  of  transparency. 

Traumatic  opacities  may  remain  partial  and  stationary  for  years 

and  then  slowly  spread  to  the  other  portions  of  the  lens.    In  such 

cases  the  cataract  may  be  regarded  as  senile. 

Concussion  Cataract  follows  rupture  of  the  suspensory  liga- 
ment or  of  the  anterior  or  posterior  capsule,  or  dislocation  of  the 
lens.  In  the  adult  the  lens  shrinks,  and  the  nucleus  may  fall 
through  the  torn  capsule  into  the  vitreous  chamber  and  excite 
iridocyclitis  and  sympathetic  inflammation. 

The  ophthalmoscope  or  direct  illumination  will  expose  no 
gross  differences  between  soft  and  hard  traumatic  cataract.  The 
consistency  must  be  judged  solely  by  the  age  of  the  patient.  Trau- 
matic cataract  in  an  individual  thirty  years  of  age  is  partly  hard 
and  partly  soft.  In  the  feeble  and  the  anemic  the  lens  is  apt  to  be 
harder  at  thirty-five  than  in  the  strong  and  well  nourished. 

Treatment. — In  the  case  of  delayed  absorption  of  trau- 
matic soft  cataracts  or  closure  of  the  capsular  w-ound,  the  process 
of  absorj)tion  may  be  hastened  by  discission.  Atropin  is  always 
indicated  at  the  time  of  injury.  Should  glaucoma  develop  from 
rapid  swelling  of  the  lens,  the  fragments  should  be  removed  by 
linear  extraction  or  suction.     (Sec  page  325.) 

III.  Secondary  Cataract  is  opacity  resulting  from  disease  of 
one  or  more  of  the  tissues  of  the  eye  by  which  the  nutrition  of  the 
lens  is  altered.  It  is  found  in  cases  of  long-standing  detachment 
of  the  retina,  in  progressive  intraocular  tumors,  in  chronic  inflam- 
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malion  of  the  uveal  tract,  in  perforation  of  the  cornea,  and  in 
glaucoma*  The  opacity  that  forms  on  the  posterior  capsule  in 
uveal  inflanQmations,  particularly  disseminated  choroiditis^  is  also 
called  pyramidal  or  posterior  polar  cataract*  In  time  I  he  opacity 
may  spread  to  the  entire  lens»  Long-continued  and  violent  in- 
flammation of  the  uveal  tract  leads  to  perversion  of  the  function 
of  the  secretory  cells  in  the  ciliary  body  and  occlusion  of  the 
nutrition  canals,  complete  posterior  synechise,  capsular  opacities, 
and  a  consecutive  slow  opacification  of  the  lens  fibers. 

Treatment  should  be  directed  to  the  underlying  causative 
inflammation,  but  internal  medication  is  unavailing  to  cure  the 
opacity  and  of  little  value  in  stopping  its  progress.  The  object 
of  treatment  is  to  check  the  inflammatory'  process  and  restore  the 
eye  to  a  condition  favorable  for  the  extraction  of  the  lens,  and  for 
this  purpose  some  form  of  iodid  is  usually  employed.  Irideclomy^ 
preUminar}'  to  the  extraction  of  the  cataract,  is  advisable  in  many 
cases. 

Interesting  forms  of  cataract,  possessing  little  clinical  value, 
are  induced  by  the  internal  administration  of  drugs,  such  as 
naphthalin  and  ergot,  by  prolonged  applicalion  of  cold,  and  by 
vibratory  phenomena.  Allied  to  the  last  form  is  the  lamellar 
cataract,  said  by  Aril  to  be  the  result  of  infantile  convulsions. 

Constitutional  Cataract. — The  most  common  constitutional 
cause  for  cataract  is  diabetes,  in  which  the  percentage  of  sugar! 
in  the  urine  is  excessive.  The  lens  as  well  as  other  portions  of 
the  body  suffer  from  imperfect  or  diminished  nutrition.  The 
origin  of  diabetic  cataract  is  also  said  lo  be  the  presence  of 
sugar  in  the  lens.  Chronic  nephritis  occasionally  gives  rise  to 
cataract,  and  rachitis  is  not  an  infrequent  cause  of  congenital 
lenticular  opacities.  Glass-blowers,  puddlers,  and  heaters  in  iron 
and  steel  works,  and  workmen  in  other  industrial  operations  w*here 
the  e)^es  are  subjected  to  prolonged  and  intense  light  and  heat,  are 
liable  to  the  dc%*elopment  of  cataract.  The  lens  opacity  is  secondary 
to  disease  of  the  uveal  tract  induced  by  the  exposure, 

IV,  Complicated  Cataract  is  opacity  of  the  lens  associated 
with  diseased  conditions  of  the  interior  of  the  eye,  such  as  glau- 
comBy  intraocular  tumor,  chronic  irilis,  and  retinal  detachment.     It 
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differs  clinically  from  secondar}"  inflammator}'  cataract  in  that  the 
lens  opacity  is  concomitant  with  and  not  secondar}'  to  the  other 
affections.  It  is  not  always  possible  before  operation  to  determine 
the  presence  of  a  complicating  affection,  but  thorough  examina- 
tion, comprising  the  response  of  the  pupil  to  ordinary  stimuli,  peri- 
metric measurement,  and  the  function  of  all  parts  of  the  retina, 
will  remove  uncertainty. 

The  prognosis  of  extraction  is  seriously  affected  by  complicating 
diseases.  Thus,  in  extensive  detachment  of  the  retina  the  removal 
of  the  apparent  cause  of  blindness,  the  opaque  lens,  will  be  of  little 
or  no  advantage  to  the  patient.  Exceptional  cases  arise,  however, 
in  which  extraction  of  the  lens  is  justifiable. 

V.  Senile  Cataract. — Uncomplicated  primary  opacity  of  the 
lens  in  individuals  who  have  passed  the  meridian  of  life  is  known 
as  senile  cataract. 

Etiology. — It  originates  without  known  j)re-existing  disease 
of  the  eye,  and  it  is  not  accompanied  by  the  signs  of  inflam- 
mation. Strictly  speaking,  it  is  not  a  disease.  The  transforma- 
tion of  a  transparent  lens  into  an  opaque  substance  may  be  com- 
pared to  the  whitening  of  the  hair  or  to  the  sclerosis  of  the  arteries 
in  advancing  age.  The  change  is  unattendcfl  with  jiain  or  oth<T 
discomfort  than  the  loss  of  vision,  nor  does  it  give  rise  tr>  n-llex 
phenomena.  Xo  other  cause  than  senility  is  manifesl,  but  eith<;r 
constitutional  or  local  abnormal  conditions  would  srcm  to  be 
essential,  since  senile  cataract  appears  .-it  widely  difTenmt  ages, 
and  many  individuals  live  to  an  advanced  age:  with  pc-rfi-ctly  clear 
lenses.  The  favoring  c  conditions  are  prc:mature  age:,  atlu:rc>- 
malc>us  vr:sfie;ls,  inheritan^-,  physical  v.eakne-^^s,  and  errors  of 
refraction.  The;  la-t.  rausc:  is  diflJMjIt  r,f  positive  determination, 
yet  it  is  r^ra-onaM':  to  -,»jj^f;ose  that  ycrarr  of  arromm^ylativr;  strain, 
and  th';  ^hor^idal  'on^yT-.tjon  nc:r/-.-.arily  f-ntailed,  v/ould  Icracl  U) 
altera*. ior.-  in  -h"  r.  .*.":•;.':  vJpj/lv  (tf  the:  N.-n-  and  to  early  opacity. 

Pathology.  'IK':  'arli':-'  n-ro;(rj;/abl':  frmr/jf:  i-.  shrinking 
cjf  ♦h':  r.  .'i''.  .  :':'/.'.'.  *;;'■  "/r*':<  ;jrjd  rh':  f'^rma'.'on  of  y.yAtj:-  filled 
with  >..T.  '\\-, .::,.:/,, .  *'.*>.:  V.  ,'A.  1 ':.'■  :.''j*:r-  '^jfj.rA'.r/j  th*:  -j^ae^es 
\y:f/frr.':  ',:,>.'.  .*.  '■■.:.''.  .:.  '»,>.'*-.  '.'.',\'.*:..  \rr.' .r/i  \r.*:Tr.  ar.d  -;*'jated 
aior.:'  *:.'..-  "..:*■  >.:'.  :.:.*■  f;:*   yis^  .;•-.     Tho  r.*:x\  "*.*::  j  ih  the 
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breaking  of  the  lens  into  a  mass  of  fibers  and  albuminous  fluid. 
At  this  time  the  lens  separates  from  the  capsule,  and  in  the  space 
thus  fr»rmed  fluid  collects.  The  degeneration  of  the  cortege  into  a 
milky  semiliquid  substance  distinguishes  it  from  the  nucleuSj 
which  remains  sclerosed,  E%'entually,  ho\%'ever,  the  nucleus 
becomes  calcareous,  and  the  entire  lens  is  degenerated.  Con- 
tinuation of  the  process  brings  about  absorption  of  the  fluids,  the 
formation  of  fine  cholestcrin  cr\'stals,  a  deposit  of  calcareous 
material  upon  and  opacification  of  the  capsule,  and  its  trans- 
formation into  a  fibrous  membrane. 

Senile  cataract  presents  three  stages;  (i)  Incipient,  (2)  mature, 
and  (3)  hypermature, 

1,  Incipient  Cataract. — The  early  determination  of  lenticu- 
lar opacities  is  important  for  both  patient  and  physician,  the 
former  that  measures  may  be  instituted  lo  retard  the  extension 
of  the  opacity^  the  latter  that  adequate  explanation  will  be  afforded 
of  the  loss  of  vision,  asthenopia,  and  the  necessity  for  frequent 
change  of  glasses.  Cortical  opacities  are,  by  reason  of  their 
location,  less  disturbing  of  vision  than  nuclear  opacities*  Alter* 
ation  in  the  refraction  and  loss  of  transparency  of  the  pupillary 
area  of  the  lens  entails  impairment  of  vision  directly  proportionate 
to  their  degree,  and,  although  the  area  of  opacity  is  no  greater  or 
the  lapse  of  time  since  its  inauguration  no  longer  than  in  etjually 
advanced  cortical  cataract,  the  impression  upon  the  patient*s 
health  and  spirits  is  decidedly  deeper.  Central  \nsion  is  haxy 
and  obscured,  and  glasses  are  of  only  transient  benefit*  Polyopia 
and  monocular  diplopia  may  be  present* 

Progress, — The  duration  of  the  stage  of  incipiency  is  varied- 
In  some  individuals,  from  no  assignable  cause,  the  opacity  extends 
rapidly,  and  the  lens  becomes  entirely  opaque  in  a  few  months 
or  even  less  time*  In  others  the  growth  is  extremely  slow»  and  the 
opacity  may  remain  apparently  unchanged  for  years.  This  is 
particularly  true  in  cortical  cataracts.  The  rate  of  growth,  and 
an  accurate  or  even  approximate  estimate  of  the  time  required 
for  the  ripening  of  the  cataract  or  for  its  fitness  for  extraction, 
can  be  made  only  after  several  examinations  at  long  intervals. 

Incipient  cataract  is  progrcssivt**     Vision  becomes  gradually 
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dimmed  until  only  the  perception  of  moving  objects  or  of  light  is 
retained.  One  occupation  after  another  must  be  given  up  until 
the  patient  can  no  longer  cam  his  livelihood  or  even  see  his  way. 
Fortunately  both  eyes  are  seldom  affected  in  equal  degree,  al- 
though both  lenses  eventually  become  entirely  opaque.  Usually, 
when  the  vision  of  one  eye  is  reduced  to  one-third  or  one-fourth 
of  normal,  opacities  will  have  made  their  appearance  in  the  sec- 
ond eye. 

Abstaining  from  the  use  of  the  eyes  in  near  work,  provided  the 
eyes  are  always  suitably  corrected  by  glasses,  seems  to  have  little 
or  no  influence  in  delaying  the  extension  of  the  opacity,  and  there 
is  no  good  reason  for  increasing  the  patient's  discomfort  by  pro- 
hibiting his  usual  occupations. 

The  Stage  0}  Swelling, — Before  the  advent  of  distinct  striae, 
the  nucleus  swells,  owing  to  an  increase  of  the  fluid  contents  of  the 
capsule.  This  swelling  is  recognized. by  the  slightly  shallower  an- 
terior chamber,  the  convexity  of  the  iris,  and  by  a  diminution  in 
vision,  owing  to  increase  in  the  refraction  of  the  lens.  Emme- 
tropes,  hitherto  unable  to  read  without  glasses,  may  now  dispense 
with  their  presbyopic  correction,  while  hyperopes  demand  weaker 
glasses  for  far  and  near,  and  myopes  stronger.  The  so-called 
second  sight  has  made  its  appearance.  With  the  ophthalmoscope 
or  rctinoscope  an  ill-dcfmcd  shadow  surrounding  the  nucleus  may 
be  seen,  and  the  details  of  the  fundus  appear  suddenly  to  shift  their 
positions  upon  the  slightest  movement  of  the  eye  or  mirror,  as 
though  the  observer  were  looking  through  a  cornea  that  had  once 
been  the  seat  of  ulceration.  The  shadow  is  not  caused  by  an 
opacity  in  the  lens,  but  by  a  marked  difference  in  the  refraction 
between  the  nucleus  and  the  cortex.  That  more  attention  has 
not  been  called  to  this  ophthalmoscopic  sign  of  incipient  cataract 
is  probably  in  part  owing  to  the  few  opportunities  of  examination 
at  the  earliest  ])eriofl  of  cataract  formation,  and  in  part  to  want  of 
careful  inspection  with  the  pupil  dilated.  The  stage  of  swelling 
is  followed  by  a  gradual  lessening  of  the  volume  of  the  lens  and  by 
the  formation  of  o])acity  in  the  cortex  or  nucleus. 

Opacity  commencing  in  the  nucleus  is  known  as  incipient 
nuclear  cataract,     X'ision  cannot  be  improved  by  glasses,  but  is 
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materially  bettered  by  mydriaafs-  It  is  worse  in  ihe  bright  glare 
at  middayi  and  belter  at  twilight  or  on  a  dark  day,  because  of  the 
siz^  of  the  pupil. 

In  incipient  carfical  cutaracl  one  or  more  short  opaque  lines 
radiate  from  the  peripher}^  toward  the  center  They  are  almost 
invisible  by  oblique  illuminationi  but  appear  as  dark  lines  with  the 
ophthalmoscope.  In  some  cases  they  are  numerous,  each  one 
clearly  defined  and  separated  from  its  neighbor  on  either  side  by 
clear  lens,  while  others  present  no  regularity  and  are  massed  to- 
gether and  confined  to  a  limited  section  of  the  peripher>\  Opac- 
ities may  appear  first  in  any  part  of  the  cortex,  but  are,  in  the 
majority  of  instances^  in  the  lower  inner  fjuadrant.  The  opacity 
will  often  escape  observation  unless  the  examination  be  conducted 
under  artificial  mydriasis. 


^^'% 


Fic;k  ijo. 


FtG*  171. 


FlG.    t]Fl» 


Fics.  J 70,  i;i,  and  173. — Varieties  op  Senile  Cataract.  (Obuque  V11.V- 
MmATiON.)  Fig,  170,  Incipient  cortkail ;  Fig,  171,  Incipient  nuclear;  Fig. 
172^  Mier-caiaract. 


In  the  mixed  form  the  earliest  opacities  invade  both  cortex 
and  nucleus  simultaneously,  and  spread  to  other  portions  of  the 
lens  Ynth  greater  rapidity  than  in  the  purely  nuclear  or  purely 
cortical  forms. 

2,  Mature  Cataract. — Cataract  is  mature  or  ripe  when 
the  process  of  sclerosis  and  opacification  has  invaded  ever)'  fiber 
and  cell  contained  within  the  capsule*  The  nuclear  and  cortical 
opacities  have  one  termination  only — complete  caUract*  The 
constituency  of  the  ripe  cataract  seems  to  be  the  same  whether 
the  opacity  commenced  as  nuclear  or  cortical. 

Diagnosis  0}  MaiurUy. — A  lens  is  totally  opaque:  (1)  When 
the  iris  casts  no  shadow  on  the  lens  by  oblifjue  illumination;  (2) 
when  rhe  gray  opacity  in  the  pupil  is  ap]>arently  on  the  same  plane 
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as  the  iris;  and  (3)  when  the  lens  body  reflects  light  equally  from 
all  visible  parts.  The  more  extended  view  secured  by  dilatation 
of  the  pupil  shows  that  the  opacity  is  not  confined  to  the  pupillary 
area,  but  has  extended  to  all  parts  of  the  lens.  With  the  ophthal- 
moscope the  pupillar\'  area  appears  black  and  no  reflex  whatever 
of  the  fundus  can  be  seen. 

In  the  development  of  the  senile  cataract  it  sometimes  happens 
that  the  process  of  sclerosis  involves  not  only  the  cortex  but  also  most 
of  the  nucleus.  The  whole  lens  is  changed  into  a  hard  dark-bro>vn 
mass,  kno>\Ti  as  black  cataract.  The  color  is  said  to  be  due  to  the 
absorption  of  blood  by  the  lens  or  to  choroidal  disease.  Its  clinical 
appearances  differ  from  those  of  the  usual  senile  cataract  only  in 
color.     For  its  extraction  a  large  corneal  incision  is  necessary. 

3.  Hypermature  Cataract  {Morgagnian  Cataract). — The  ripen- 
ing process  that  brings  a  lens  to  the  stage  of  mature  cataract 
does  not  stop  with  the  opacification  of  the  whole  lens.  After  a 
variable  length  of  time,  during  which  the  cataract  remains  at 
maturity,  degeneration  of  the  fibers  and  nucleus  takes  place.  The 
nucleus  shrinks,  the  fibers  lose  their  structure,  becoming  soft  and 
milky  and  infiltrated  with  calcareous  or  bony  deposit,  the  capsule 
is  hypertrophicd,  folded,  and  perhaps  o]>a(]ue,  the  lens  volume  is 
lessened,  and  the  dense  nucleus  falls  to  the  bottom  of  the  capsule. 

The  overripeness  of  a  cataract  can  be  recognized  by  oblique 
illumination.  The  lens  is  no  longer  uniform  in  its  color.  Bright 
or  glistening  bodies  or  flakes  resembling  crj'stals  form  beneath  the 
capsule  and  extend  in  various  directions  toward  the  peripherj- 
and  the  nucleus.  The  cortex  is  milky  and  structureless,  and  the 
iris  trembles  because  of  the  diminished  volume  of  the  lens.  In 
its  final  stage  the  hypermature  cataract  is  reduced  to  a  small, 
dense  white  nucleus,  enclosed  in  an  opaque  thickeftbd  capsule  to 
which  the  iris  is  often  adherent.  By  rupture  of  the  suspensorj- 
ligament  the  shrunken  lens  in  its  capsule  is  dislocated  into  the 
vitreous  or  anterior  chamber. 

VI.  After-cataract,  also  called  secondary  cataract,  is  an 
opacity  of  fragments  of  the  anterior  or  of  the  posterior  capsule  that 
follows  in  about  80  i)er  cent,  of  all  cases  of  cataract  extraction. 
(See  Fig.  172.)     The  opacity  varies  in  density  from  a  fine  web  to 
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a  dense,  entirely  opaque,  and  inelastic  membrane,  occluding  the 
pupil  and,  after  the  combined  operation,  the  coloboma.  If 
iritis  has  followed  the  extraction,  a  dense  membrane,  consisting 
of  capsule  and  inflammatory  exudation,  may  form  across  the 
pupillary  space. 

Sjrmptoms. — Deterioration  of  vision  some  weeks  after  oper- 
ation is  an  indication  of  opacity  of  the  capsule.  Vision  is  com- 
promised according  to  the  extent  and  density  of  the  membrane 
in  the  pupil.  The  fine  cobweb  opacities  interfere  little  or  not 
at  all,  but  the  dense  membrane  abolishes  vision.  By  oblique 
illimiination  the  opacities  appear  as  white  lines  in  the  pupil, 
forming  a  sharp  contrast  to  the  clear  black  of  the  uninvaded 
area.  By  the  ophthalmoscope  they  appear  as  dark  patches  or 
fine  lines. 

Treatment  of  Soft  Cataract. — The  surgeon  has  the  choice 
of  three  operations:  (i)  Needling  or  discission  of  the  anterior 


Fig.  173. — Bowman  DisassioN  Needle. 

capsule,  thus  subjecting  the  lens  to  the  action  of  the  aqueous 
humor,  by  which  it  is  ultimately  absorbed;  (2)  linear  extraction; 
(3)  suction.  To  improve  vision  in  anterior  or  posterior  polar 
cataracts  optical  iridectomy  may  be  advisable. 

Discission  of  the  Lens. — The  same  measures  for  asepsis 
described  under  senile  cataract  must  be  taken  prior  to  the  opera- 
tion. The  instruments  required  are  a  speculum,  fixation  forceps, 
and  a  stop  needle. 

After  the'^upil  has  been  dilated  by  atropin,  and  the  cornea 
rendered  anesthetic  by  cocain,  the  eye  is  steadied  by  grasping  the 
conjunctiva  at  its  lower  portion  by  the  fixation  forceps.  The 
needle  is  thrust  through  the  cornea  midway  between  the  periphery 
and  center,  the  capsule  freely  ruptured  and  the  anterior  layers 
of  the  lens  lacerated.  The  cuts  in  the  lens  should  be  superficial, 
since  disturbance  of  the  deeper  layers  may  cause  rapid  swelling 
of  the  lens  fragments  and  occlusion  of  the  tiltration  angle. 

After  the  operation,  atropin  is  instilled,  and  both  eyes  ban- 
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daged*  On  the  followin,ej  day  the  anterior  chamber  contains  a 
number  of  opaque  swollen  fragments  of  lens,  which  become 
absorbed  in  from  two  to  four  weeks*  In  most  cases  the  operation 
must  be  repeated,  and  in  subsequent  discissions  the  lens  may  be 
more  freely  broken  up. 

Knapp  employs  a  knife  needle  to  cut  the  capsule*  He  makes 
a  horizontal  incision  through  the  pupillar)*  area  of  the  capsule, 
then  two  vertical  incisions,  commencing  at  the  tipper  and  lower 
pupillar>^  margin,  respectively,  as  far  as  the  first  cut  and  opposite 
to  each  other. 


Wz-fiH^W**' 


Fig.  174. — Incision  of  the  CAPstrLE  with  a  Knapp  Knife  Needle. 

Lmear  Extraction.— This  operation  is  usually  restricted 
to  the  remo%^al  of  soft  cataracts,  but  it  Is  applicable  to  subjects 
who  have  passed  the  time  limits  of  soft  cataract,  and  in  whom 
the  nucleus  of  the  lens  is  hard  and  the  cortex  soft.  The  fragments 
of  lens  in  the  anterior  chamber  after  discission  also  may  be  re- 
mo^^ed  by  linear  extraction.  The  hallowing  instruments  are 
required:  fixation  forceps,  narrow  keratome,  cystotome,  and 
spatula. 

After  the  usual  antiseptic  precautions  and  the  cocainizing  of 
the  eye,  the  surgeon  makes  an  incision  5  or  6  mm.  long  w^ith  the 
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kemtome  through  the  cornea,  2  mm.  anterior  to  the  Umbus.  The 
capsule  may  be  opened  by  the  poin!  of  ihe  keratome,  while  the 
incisian  in  the  cornea  is  being  made,  or  with  the  cystotome. 
As  the  knife  is  withdrawn  its  tip  presses  against  the  posterior 
lip  of  the  wound,  thus  affording  free  exit  for  the  lens  fragmenls. 
The  escape  of  the  lens  is  hastened  by  pressure  upon  the  cornea 
opposite  to  the  cut  by  some  dull  instrument,  such  as  a  spatula- 

The  after- treatment  consists  of  atropin,  pressure  bandage,  and 
rest  in  bed  until  the  wound  has  healed.     The  operation  is  not 


\' 


Fic.  175. — LiMEAK  Extraction. 

followed  by  serious  reaction.    Subsequent  needling  of  the  posterior 
capsule  may  be  required. 

Suction  Opcration.-'This  operation  is  adapted  to  lenses 
that  are  entirely  soft,  and  to  the  removal  of  lens  matter  after 
discission.  A  fine  metal  tube,  with  its  opening  2  mm.  above 
the  distal  extremity,  is  introduced  through  a  small  incision  in 
the  cornea  and  capsule  previously  made  with  a  Graefe  knife 
or  narrow  angular  keratome,  and  the  capsule  excavated  of  its 
contents  by  suction  by  the  mouth,  care  being  taken  not  to  rupture 
the  posterior  capsule.  This  operation  has  been  followed  by  irido- 
cyclitis. 


TREATMENT  OF  IMMATURE  CATARACT.  327 

Treatment  of  Senile  Cataract. — No  local  or  general  treat- 
ment will  prevent  the  growth  of  senile  cataract.  Nevertheless, 
attention  to  the  patient's  general  health,  the  avoidance  of  excesses, 
the  removal  of  all  the  sources  of  ocular  strain,  the  administration 
of  alteratives,  such  as  the  iodids  for  choroidal  congestion,  and 
medicinal  and  dietary  measures  in  diabetes,  nephritis,  and  gouty 
conditions,  will  do  much  to  retard  the  progress  of  the  opacifica- 
tion. The  optical  defect  and  the  presbyopia  should  be  accurately 
corrected  at  frequent  inter\'als  to  meet  alteration  in  the  refraction 
consequent  upon  changes  in  the  shape  of  the  lens.  Tcmporarj' 
benefit  may  be  derived  from  the  use  of  a  strong  hand  magnifying 
lens  (-1-9  D)  in  conjunction  with  the  reading  glass. 

Treatment  of  Immature  Cataract. — In  incijMcnt  nuclear 
opacities  dilatation  of  the  pupil  by  drugs  will  give  improved  vision 
by  permitting  the  entrance  of  rays  of  light  through  the  clear 
cortex  surrounding  the  opaque  nucleus.  For  cortical  cataracts 
this  method  is  of  course  useless.  Long-continued  use  of  mydri- 
atics may  induce  glaucoma  or  chronic  conjunctivitis. 

The  permanent  effect  of  alropin  may  be,  in  part,  secured  by 
a  removal  of  a  piece  of  the  iris  (preliminary  and  optical  iridec- 
tomy). This  operation  has  the  double  advantage  of  temporarily 
improving  vision  and  simph'fying  the  operation  for  the  subsequent 
extraction.  In  chosen  cases  of  double  incipient  and  complicated 
cataract  iridectomy  is  a  valuable  procedure.  It  is  of  no  service 
in  cortical  cataract  except  as  preliminar}^  to  extraction.  It  may 
have  the  effect  of  increasing  the  rate  of  progress  of  the  opacity. 

During  the  interval  between  the  stages  of  incipiency  and 
maturity  the  cataract  is  said  to  be  immature.  The  loss  of  trans- 
parency gradually  increases  as  the  opaciue  stria*  of  the  cortex 
and  of  the  nucleus  become  denser  and  larger,  until  there  is  un- 
broken opacity,  including  cortex  and  nucleus.  No  improvement 
in  vision  can  be  secured  until  the  lens  is  removed.  ()i)eration  is 
usually  posi})()ned  until  the  lens  is  hard  or  the  cataract  is  *'  ri])e, ''  or 
mature,  so  that  it  m:iy  be  removed  in  its  entirety,  since  the  reten- 
tion of  soft  cortex  in  the  eye  tends  to  produce  iritis  anrl  to  favor 
the  formation  of  a  ])lastic  exudate  that  blocks  the  pui)illary 
si)ace. 
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Artificial  Ripeningp — The  tedious  waiting  for  the  com- 
plete opacification  of  the  lens  is  no  longer  considered  necessar}" 
by  operators  of  experience.  It  has  been  repeatedly  shown  that 
extraction  may  be  successfully  Hone  upon  unripe  cataracts  in 
persons  of  sixty  years  of  age  or  more,  because  the  lens,  even 
though  not  completely  opaque,  is  hard  and  may  be  extracted 
entire*  Numerous  operations  to  hasten  the  opacification  of  the 
lens  have  been  suggested.  The  principle  upon  which  they  are 
based  is  massage  of  the  lens,  Forster  performs  iridectomy,  and 
massages  the  lens  fibers  by  pressure  of  the  Daviel  spoon  on  the 
cornea;  others  enter  the  spoon  through  a  small  opening  in  the 
cornea,  and  massage  the  lens  directly.  By  these  means  the 
cataract  is  ripened  in  from  four  to  six  weeks.  The  operations 
have  not  been  generally  adopted  because  of  secondan^  iritis 
and  the  thickening  of  the  capsule  which  complicates  subsequent 
extraction. 

Treatment  of  Hard,  Mature  Cataract,— All  hard  cataracts 
are  removed  by  either  simple  exiractioHj  in  which  no  iridectomy 
is  performed,  or  by  the  cambintd  operation,  in  which  a  piece  of 
the  iris  is  excised. 

Preliminary  Tests  before  Operation. — The  day  before 
operation  the  urinar)'  analysis  should  be  made,  and  if  sugar  is 
discovered  in  amounts  greater  than  i  per  cent.,  and  particularly 
if  other  signs  of  diabetes  are  present,  the  extraction  should  be 
postponed  until  the  sugar  has  disappeared,  at  least  temporarily, 
from  the  urine,  Albuminuriaj  unless  marked  and  attended  by 
exhaustion  or  dropsy*  is  not  a  contraindication.  The  presence 
of  pus  and  blood- cells,  sometimes  found  in  the  urine  of  old  men 
with  enlarged  prostate  and  in  women  with  cystitis,  is  an  unfavor- 
able complication,  likely  to  induce  purulent  infiltration  of  the 
wound  or  metastatic  choroiditis.  Sclerosed  arteries  or  other  signs 
of  senility,  although  not  necessarily  found  in  advanced  age  only, 
are  suggestive  of  hemorrhage  after  the  expulsion  of  the  lens. 
Any  form  of  conjunctivitis,  akhnugh  bacterioIi)gic  examination  has 
shown  the  absence  of  pyogenic  bacteria,  demands  treatment  and 
cure  before  operation.  The  cimdition  of  the  lacrimal  sac  and 
the  nasal  duel  should  be  investigated^  and  if  diseased  operation 
must  be  postponed. 


PREPARATION  OF  PATIENT. 


329 


Since  vision  is  reduced  to  the  perception  of  light,  and  no  view 
of  the  fundus  can  be  obtained,  it  is  necessarj'  to  determine  the 
absence  of  disease  of  the  background  by  testing  the  light  pro- 
jectiofij  or  the  ability  on  the  part  of  the  patient  to  determine  the 
direction  of  the  source  of  the  light.  In  disease  liinited  to  the 
macular  region,  or  implicating  only  the  papillo-macular  bundle 
of  fibers  in  the  optic  nerve,  recognition  of  the  light  in  various 
parts  of  the  periphery  of  the  field  will  be  preserved,  but  central 
vision  will  be  defective.     In  the  presence  of  disease  of  this  region 
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Fig.  176. — Wire  Loop. 


Fig.  177.— Cystotome. 


Fig.  178. — Capsule  Forceps. 
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Fig.  179. — Lens  Spoon'. 


Fig.  180. — Spatula. 


a  candle-flame  upon  which  the  eye  is  lixcd  is  less  brilliant  or 
is  seen  with  greater  ditViculty  than  another  light  in  the  peripheral 
field. 

Preparation  of  the  Patient. — The  evcnin^x  preceding  the 
day  of  the  operation  a  warm  bath  and  a  gentle  saline  purgative 
are  given.  A  few  hours  before  opc-ration  the  eye-brows,  eyelashes, 
and  skin  of  the  face  are  washed  with  soap  and  water,  followed 
by  I  :  8000  bichlorid  solution,  the  conjunctival  sac  flushed  with 
the  same  solution,  and  the  ase])sis  maintained  by  a  sterile  bandage 
to  be  worn  until  the  eve  is  readv  for  cocain  anesthesia.     It  is  a 
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wise  precaution  to  have  the  nasal  caniies  cleansed  by  douches 
of  potassium  permanganate,  :  :  2000,  as  suggested  by  Lippincott, 
even  though  they  appear  healthy.  The  conjunctival  sac  and 
cornea  are  rendered  insensible  by  three  instillations,  at  three- 
minute  inter\^als,  of  a  4  per  cent,  solution  of  cocain  hydrodilorale. 
General  anesthesia  is  desirable  in  unreasonable  individuals  and 
those  who  will  not  or  cannot  control  their  movements.  Patients 
who  have  been  blind  for  a  long  time,  those  who  are  nervous 
and  apprehensive,  and  hospital  habitues  belong  to  this  class* 
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The  following  instruments  are  required :  A  stop  speculum,  a 
lid  elevator,  cataract  knife,  fixation  forceps,  iris  forceps,  iris  scis- 
sors, cystolome^  capsule  forceps,  two  spoons  for  pressure  and 
countcrpressure,  a  wire  loopj  and  a  spatula. 

First  Step, — Cornt^al  Seclion. — After  the  speculum  is  in  place 
the  operator,  if  ambidextrous^  stands  behind  the  patient  for 
either  eye*  When  right-handed,  he  stands  behind  for  the  right 
eye,  and  in  front  and  at  the  right  side  of  the  patient  for  the 
left  eye.    The  speculum  should  be  so  placed  that  it  will  make  a^ 
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suflBciently  %vide  separation  of  the  lids  for  easy  manipulation,  and 
will  support  the  h'ds  without  exerting  pressure  upon  the  eyeball* 
The  fixation  forcepSj  held  in  the  left  hand^  gi^sps  the  episcleral 
tissue  just  below  the  lower  margin  of  the  cornea,  the  patient 
rotating  the  eye  slightly  downward.  The  point  of  the  knife  is 
entered  into  the  margin  of  the  cornea  (limbus)  on  the  temporal 
side>  slightly  above  the  horizontal  meridian^  and,  after  the  layers 
of  the  cornea  are  perforated  in  a  nearly  vertical  direction,  the 
handle  is  lowered  until  the  blade  is  on  a  plane  just  anterior  to 
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Fig.  iJ*3»^-Imidectoiiy.  A  portion  of  the  iris  has  been  dmwja  through  the 
sec  tie  J^,  and  ^  small  piece  ejscised  with  the  sci3$Dr$  held  &i  right  anglc?a  to  the 
corneal  incl>|{on. 

the  plane  of  the  iris.  The  blade  is  carried  across  the  anterior 
chamber  immediately  in  front  of  the  iris,  and  the  counterpuncture 
made  in  the  nasal  limbus^  at  a  point  corresponding  to  the  point 
of  entrance.  The  knife  is  then  advanced  its  length  across  the 
anterior  chamber,  cutting  upward,  without  dragging,  through 
the  limbus,  one  or  more  lateral  and  upward  movements  being 
required  to  complete  the  section.  Care  must  be  taken  that  the 
point  of  the  knife  dt.>es  not  pierce  the  skin  on  the  nasal  part  of 
the  upper  lid.  This  accident,  though  not  serious  in  itself,  causes 
pain  and  involuntary  withdrawal  of  the  patient's  head.    After 
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the  incision  through  the  corneoscleral  border  is  concluded,  the 
cutting-edge  of  the  knife  is  continued  in  the  plane  of  the  corneal 
incision  and  the  conjunctiva  overlying  the  highest  part  of  the 
section  is  di\ided,  forming  a  small  conjunctival  flap* 

Second  Step. — IridcciomyK — The  cuned  or  angular  iris 
forceps  is  introduced  closed  through  the  wound  until  the 
toothed  extremity  reaches  nearly  to  the  pupillary  border  of  the 
iris.  The  arms  are  then  opened,  pressed  gently  backward,  and 
closed  over  a  small  portion  of  the  iris.    The  forceps  with  the 
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Fig,  tSj' — Capsulotouy,    The  cystotome  has  completed  tearing  the  tapsute. 


included  iris  is  then  withdrawiij  and  a  smaU  piece  of  the  iris 
excised  with  a  single  snip  of  the  scissors  which  are  held  at  right 
angles  to  the  corneal  wound.  Fixation  of  the  eyeball  is  unneces*1 
sary  except  in  unruly  patients  and  those  under  general  anesthesia. 
Third  Step- — Opening  oj  the  CapsuU\^Th^  cystotome  is 
introduced  through  the  corneal  section  with  its  point  turned  to 
one  side,  so  ihat  it  will  not  become  entangled  in  the  iris,  and  is 
carried  across  the  pupil  to  its  lower  border*  It  is  then  rotated 
so  that  the  point  is  turned  toward  the  lens.  The  tearing  of  the 
capsule  may  be   in  the  shape  of  the  letter  T  or  without  regar 
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to  the  shape  of  division,  or  the  incision  may  commence  beneath 
the  iris  and  continue  around  the  superior  periphery  of  the  lens 
capsule*  When  the  capsulotomy  is  completed  the  cystotome  is 
withdrawn  after  making  another  quarter  turn,  so  that  its  knee 
is  the  first  to  present  in  the  corneal  cut. 

Foiirth  Step, — Delivery  o}  I  he  Zen  j,— The  patient  is  di- 
rected to  look  downward^  and  gentle  pressure  is  made  upon  the 
lower  portion  of  the  cornea  with  the  Daviel  spoon,  the  convexity 
of  the  bowl  of  which  is  directed  toward  the  center  of  the  eye. 
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Fig.  1S4. — Tbe  Lens  is  Passing  though  the  Coeneal  Incision. 


The  pressure  displaces  the  lower  peripherv^  of  the  lens  backward 
and  tilts  the  upper  margin  forward  toward  the  corneal  incision. 
The  advancing  lens  is  then  slowly  expelled  through  the  gapinj^ 
corneal  wound,  its  progress  being  controlled  by  vertically  directed 
pressure  of  the  spoon*  There  should  be  no  interruption  of  the 
pressure  after  the  spoon  is  once  applied*  It  must  be  continuous  J 
and  not  in  spurts. 

If  the  lens  has  been  expressed  entire  the  pupil  will  be  dark 
and    clear.      Not   infrequentlyj   however,  fragments  of  opaque 
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cortex,  adherent  to  the  capsule  or  scraped  oflf  as  the  lens  passes 
through  the  corneal  incision,  renmrn  in  the  puplL  They  can  usu- 
ally be  expelled  by  gently  stroking  upward  of  the  cornea  with  the 
spoon^  or  with  the  inner  border  of  the  lower  lid  by  light  pressure 
of  the  finger  on  the  skin  surface.  In  the  manipulation  ihe 
greatest  caution  is  to  be  observed  lo  prevent  the  entrance  into 
the  anterior  chamber  of  bacteria,  of  irritating  the  edges  of  the 
cut  in  the  cornea,  or  inducing  iritis  by  the  frequent  introduction 
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Fig*  I S5,— Toilet  or  the  Wound.     The  spatula  has  replaced  the  cat  edges 
"  of  the  iris,  and  is  shown  in  position  for  clearing  the  wound. 


of  instruments*  Some  operators  employ  irrigation  of  the  anterior 
chamber  with  normal  salt  solution  injected  by  means  of  a  syringe 
(MacKeown  or  Lippincott)  when  ordinarj^  measures  fail  to  expel 
the  cortical  fragments  of  the  lens. 

Fifth  Step. — Toiki  of  ihe  Wt^und, — After  the  anterior  cham- 
ber has  been  cleared  of  remnants  of  the  lens,  the  cut  edges 
of  the  iris  are  stroked  into  position  by  a  blunt  smooth  instrument, 
the  incision  in  the  cornea  cleared  of  clots,  tags  of  capsule,  or 
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lens  debris,  and  the  conjunctival  sac  flushed  by  normal  saline  or 
boric  acid  solution.  Before  the  dressinj^s  are  a])i)lied,  the  wound 
should  be  examined  to  see  that  its  ed^es  are  in  apposition  and 
free  from  the  conjunctival  flap. 

Extraction  Without  Iridectomy  {Simple  Extraction), — This 
method  of  operation  difl'ers  from  the  combined  extraction  in 
that  the  second  stej) — the  iridectomy — is  omitted,  and  the  corneal 
incision  in  the  combined  method  is  smaller,  including  one-third, 
and  in  the  simple  two-fifths  of  the  limbus.  In  all  other  respects 
the  two  operations  are  identical. 

Dressings. — After  the  conjunctival  sac  has  been  flushed  with 
boric  acid  solution,  oval  i)ads  of 
lint  soaked  in  a  sterile  solution 
are  placed  over  the  closed  lids  of 
each  eye,  covered  with  sterile  ab- 
sorbent cotton,  and  retained  by  a 
binocular  bandage.  In  simple  ex- 
traction many  o])erators  cover  the 
closed  lids  with  a  temporary  dress- 
ing, inspecting  the  eye  at  the  end  of 
an  hour  to  note  whether  the  edges 
of  the  wound  are  in  apposition  and 
the  pu])il  is  round.  Some  form  of 
shield,  similar  to  the  Ring  mask,  is 
of  value  in  keei)ing  the  dressings  in 
place  and  as  a  ]>reeaution  against 
injury  lo  the  eye  during  slee]). 

The  character  of  the  dres.sing  varies  with  llie  individual  ])refer- 
ence  of  the  surgeon.  Some  em])loy  stri])s  of  Isinglass  ])laster  lo 
seal  the  li(l>,  over  which  ])ledgels  of  cotton  are  i)laced  and  held 
in  ])osilion  by  a  light  knitted  band  fastened  around  the  head  with 
ta])es. 

The  j)alienl  is  placed  in  a  comfortable  ])osilion,  ]>referably  on 
the  back,  with  ])erniission  to  turn  on  the  side  of  the  unojieraled 
eye.  For  twenly-four  hours  strict  (juiel  and  freedom  from  phy>ica] 
exertion  are  enjoined.  The  stinging  ]>ain  which  is  felt  after  the 
etlecl  of  the  cocain  has  ])assed  off  is  of  no  significance  and  soon 
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subsides.  The  diet  for  two  or  three  days  consists  of  soft  food 
only.  The  second  day  the  bandage  is  removed  and  the  lids  and 
the  lower  part  of  the  eyeball  are  examined.  Unless  some  indica- 
tion of  a  morbid  process  is  present  it  is  unnecessary  to  expose 
the  wound.  Tears  that  may  have  collected  in  the  sac  are  allowed 
to  escape,  the  lower  fornix  flushed  with  boric  acid  solution,  and 
the  bandage  reapplied.  Inversion  of  the  lashes  of  the  lower  lid 
must  be  guarded  against.  The  corneal  incision  is  insecurely 
united  within  twenty-four  hours  after  operation,  and  is  not  firm 
enough  to  dispense  w^ith  the  bandage  until  about  the  fifth  day, 
although  the  sound  eye  may  be  left  free  after  the  third  day.  The 
**open"  treatment,  without  bandage  or  pressure  of  any  kind, 
advocated  by  Hjort  and  others,  has  received  little  encouragement 
from  the  best  operators.  Unless  complications  arise  the  patient 
is  discharged  about  the  tenth  day.  A  week  later  he  is  provided 
with  a  temporarj'  glass,  and  in  three  months  with  a  permanent 
correction.  The  delay  in  prescribing  the  final  glass  is  necessitated 
by  the  high  corneal  astigmatism,  immediately  after  healing.  The 
astigmatism  is  caused  by  the  partial  loss  of  convexity  of  the 
vertical  meridian,  and  usually  equals  a  lens  of  3  D  or  4  D. 

The  Buttonhole  Operation. — As  a  means  of  reducing  the 
frequency  of  prolapse  of  the  iris  in  simple  extraction,  Chandler 
excises  a  minute  piece  of  the  iris  at  the  upper  and  extreme  periph- 
eral portion. 

Extraction  of  the  Lens  in  its  Capsule.— This  operation, 
suggested  and  practised  by  Pagenstecher,  is  valuable  in  selected 
cases,  particularly  hypermalure  cataracts  and  dislocated  lenses. 
After  the  iridectomy,  well-directed  and  sudden  pressure  upon 
the  lower  corneal  quadrant  ruptures  the  ui>per  portion  of  the 
suspensory  ligament,  and  the  lens  is  ex])clled  by  continuous 
pressure  upward,  as  in  the  other  operations,  or  is  lifted  out. 
The  advantages  are  manifest,  but  the  danger  of  the  escape  of 
vitreous  precludes  its  general  adoption. 

Accidents  and  Complications  during  Operation. — The  in- 
troduciion  of  the  knife  ui)side  down  can  be  explained  only  by 
carelessness.  It  is  necessary  either  to  postpone  operation  until 
the  next  day,  when  the  wound  of  entrance  will  have  healed  and 
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the  anterior  chamber  re-formed,  or  quickly  and  deftly  to  turn 
the  knife,  losing  as  little  aqueous  as  possible,  and  finish  the 
incision. 

Falling  of  the  Iris  in  Front  of  the  Knife  while  making  the 
incision,  and  after  the  escape  of  some  of  the  aqueous,  is  annoying 
but  not  serious.  The  incision  is  to  be  completed  exactly  as  though 
the  accident  had  not  happened.  The  iridectomy  thus  made  is 
ragged,  and  should  be  made  to  conform  to  the  usual  shape  after 
completion  of  the  section  by  trimming  the  irregularities  from  the 
sides  of  the  coloboma. 

Wounding  the  Iris. — Should  the  point  of  the  knife  become 
entangled  in  the  iris  as  the  blade  is  being  carried  across  the  ante- 
rior chamber,  and  cannot  be  readily  freed,  the  counterpuncture 
is  to  be  made  as  though  the  iris  had  not  been  in  the  way.  On 
account  of  the  refraction  of  the  cornea  and  aqueous  the  knife- 
blade  will  seem  to  be  more  anterior  than  its  true  position. 

Prolapse  of  Iris. — ^This  complication,  seldom  seen  in  the 
combined  operation,  occurs  in  about  8  per  cent,  of  cases  of  simple 
extraction.  Return  of  the  iris  into  the  anterior  chamber  is  to  be 
attempted,  and  in  case  of  failure  a  small  iridectomy  should  be 
made,  the  columns  of  the  coloboma  stroked  back  into  place,  and 
the  edges  of  the  wound  cleaned.  If  the  prolapse  is  not  recognized 
until  several  days  have  elapsed,  excision  of  the  protruding  iris  is 
inadvisable. 

Inadequate  Corneal  Incision. — An  incision  too  short  to  per- 
mit the  escape  of  the  lens  must  be  lengthened  with  fine  scissors. 
This  accident  or,  to  be  more  accurate,  mistake  may  remain  un- 
discovered until  exj)ulsion  of  the  lens  is  attempted,  and  the  oncom- 
ing lens  fails  lo  ])ass  readily  through  the  incision.  Continued 
pressure  may  rupture  the  posterior  capsule,  cause  loss  of  vitreous, 
or  ex])el  the  nucleus  of  the  lens  only. 

Hemorrhage  into  the  Anterior  Chamber. — Hemorrhage  from 
the  iris,  })()ssiblo  in  the  combined  ()j)erati()n,  complicates  the 
extraction  by  concealing  the  j)U])il  and  lens  from  view.  The  blood 
should  ])e  expressed  or  removed  by  irrigation  before  it  has  clotted. 
The  residue  is  absorbed  in  a  few  days,  but  in  very  old  persons  clots 
become  entangled  with  the  remnants  of  the  capsule,  making  a 
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dense  capsular  cataract.  Hemorrhage  from  the  conjunctiva  is 
of  little  significance,  although  it  may  obscure  the  field  of  opera- 
lion  by  passing  into  the  anterior  chamber. 

Incomplete  Cystotomy^  rendering  the  escape  of  the  lens  diffi- 
cult or  imi>ossible,  is  to  be  guarded  against  in  aU  cases,  and  par- 
ticularly when  the  cataract  is  overripe  or  compUcaled  with  old 
iritis*  It  is  discovered  by  the  failure  of  the  lens  to  leave  its  capsule 
while  pressure  is  being  made  on  the  cornea.  Artificial  ripening 
operations  are  usually  followed  by  thickening  of  the  capsule.  If 
the  capsule  cannot  be  readily  cut  by  the  cj^totome,  the  central 
portion  may  be  removed  by  the  capsule  forceps, 

Dislocatioo    of    the    Lens.— The  lens   may   readily  be  dis- ' 
located  backward  by  undue  force  exerted  in  perfomnng  cystotomy. 
The  operation  should  be  interrupted  for  a  few  minutes  in  the  hope 
that  the  lens  will  return  to  its  normal  position.    If  the  dislocation 
persists,  extraction  must  be  made  with  the  loop. 

Loss  of  Vitreous  before  expulsion  of  the  lens  is  a  seriou&| 
complication   and   altogether  changes  the   method  of  deliver)^ 
The  lens  becomes  dislocaiedj  and  all  efforts  at  expulsion  by  pres- 
sure must  cease,  otherwise  more  vitreous  will  be  lost  and  further 
sinking  of  the  lens  ensue j  iK:>ssibly  as  far  as  the  floor  of  the  vitreous. 
The  speculum  is  to  be  immediately  removed,  the  eye  closed  and 
allowed  to  remain  undisturbed  for  a  minute  or  two,  and  the  patient 
encouraged  to  relax  his  muscles*     With  the  eye  voluntarily  rotated 
downward  the  upper  lid  is  elevated  by  the  finger  of  an  assistant,  and 
the  wire  loop  inserted  into  the  vitreous  behind  the  lens  and  the 
latter  lifted  out.    The  eye  is  closed  by  lifting  the  upper  lid  over  the 
gaping  wound  and  both  eyes  are  covered  with  wet  sterile  padsi< 
Excessive  loss  of  vitreous  is  to  be  treated  by  injections  into  the^ 
anterior  chamber  of  warm,  sterile,  normal  salt  solution.     Before 
the  final  dressings  are  applied  the  wound  should  be  inspected,  and 
an  attempt  made  to  clear  the  edges  of  the  wound  of  lens  capsule' 
or  incarcerated  iris.    The  manipulation  must  be  gently  made^. 
otherwise  further  escape  of  the  \ntreous  and  collapse  of  the  eyeball 
will  occur. 

The  loss  of  a  small  amount  of  vitreous  after  the  deliven*  of  ihe^ 
lens  is  not  a  serious  accident  in  itself,  but  often  leads  to  incarccra- 


COMPLICATIONS  IN  THE  HEALING.  339 

tion  of  the  iris  in  the  corneal  cicatrix,  cystoid  healing,  and  some- 
times upward  displacement  or  obliteration  of  the  pupil.  Upon 
the  appearance  of  the  vitreous  in  the  cut,  further  manipulation  is 
to  be  avoided,  the  eye  closed,  and  a  pressure  bandage  applied  to 
both  eyes.  The  bandage  is  allowed  to  remain  unchanged  for 
two  or  three  days.  Frequent  inspection  in  any  case  without  good 
reason  is  unwarranted. 

Complications  in  the  Healing. — After  the  anesthesia  has 
passed  away  burning  and  smarting  will  be  felt,  but  after  twelve 
hours  the  course  of  normal  healing  is  without  pain. 

Iritis. — Severe  pain  during  the  first  night  requires  that  the 
eye  should  be  inspected  by  drawing  down  the  lower  lid,  the  con- 
junctival sac  washed  out  with  boric  acid  solution,  inverted  eye- 
lashes restored  to  their  proper  positions,  atropin  instilled,  and  the 
eye  rcbandagcd.  Continuance  of  the  pain,  hyperemia  of  the  con- 
junctiva and  sclera,  and  profuse  lacrimation  point  to  iritis. 
Atropin,  hot  applications,  laxatives,  leeches  to  the  temple,  and 
calomel  in  small  and  repeated  doses  are  indicated.  Long-con- 
tinued bandaging  of  the  eye  is  harmful. 

Delayed  Closure  of  the  Corneal  Wound. — Fragments  of 
cortex,  tags  of  capsule,  or  a  portion  of  the  tissue  of  the  iris,  by 
becoming  entangled  in  the  edges  of  the  cut,  mechanically  prevent 
healing  of  the  wound.  This  complication  occasionally  occurs  in 
individuals  enfeebled  by  disease  or  age  or  of  low  recuperative 
power,  and  delays  closure  of  the  wound  for  ten  or  fifteen  days  with- 
out vascularity  or  other  signs  of  inflammation.  Cleansing  of  the 
wound  from  foreign  material,  constant  pressure  bandage,  rest  in 
bed,  strjxhnin,  milk-punches,  and  nourishing  diet  will  favor  union. 
Delayed  healing  is  not  incompatible  with  recover)'  of  good  vision. 
Kalt  proposes  introduction  of  a  corneoscleral  suture  before  the 
corneal  section  is  made,  in  order  to  favor  apposition  of  the  edges 
of  the  cut,  prevent  prolapse  of  the  iris  or  escape  of  vitreous,  and 
hasten  healing. 

Purulent  Infiltration  of  the  Wound. — The  purulent  pro- 
cess is  lighted  up  by  conjunctivitis,  lacrimal  affections,  disease  in 
orf];ans  remote  from  the  eye,  septic  instruments,  or  contagion.  It 
commences  apparently  in  the  wound,  and  may  be  limited  to  its 
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immediate  neighborhood  or  spread  throughout  the  cornea  and 
extend  to  the  iris  and  deeper  structures.  It  usually  appears  during 
the  first  two  or  three  days  after  operation,  but  may  be  delayed  for 
a  week  or  more.  The  early  symptoms  are  pain,  edema  of  the  lids, 
and  increased  secretion,  soon  followed  by  haziness  of  the  cornea, 
turbidity  of  the  aqueous,  and  a  yellowish  film  along  the  incision. 
At  the  first  sign  of  infection  the  edges  of  the  wound  should  be 
cauterized  with  the  electric  cautery,  the  conjunctival  sac  flushed 
with  formalin  solutions,  and  stimulants  and  tonics  administered. 
The  cauterization  should  be  repeated  as  often  as  is  deemed  neces- 
sary. Kuhnt  excises  the  purulent  section  of  the  cornea  and  covers 
the  gap  with  conjunctiva.  The  powder  or  rods  of  iodoform  have 
been  introduced  into  the  anterior  chamber  with  excellent  results. 

Striped  Keratitis. — The  fine  gray  stripes  radiating  from  the 
edge  of  the  incision  toward  the  center  of  the  cornea,  sometimes 
noticed  after  extraction,  are  due  to  instrumental  irritation  of  the 
cornea  in  the  effort  to  expel  the  cortex  from  the  anterior  chamber. 
They  are  numerous,  nearly  parallel,  and  render  the  upper  section 
of  the  cornea  opaque.    They  usually  disappear  in  a  few  days. 

The  injection  of  strong  solutions  into  the  anterior  chamber 
during  the  operation  lights  up  an  inflammation  of  the  membrane 
of  Descemet,  which  extends  to  the  posterior  layers  of  the  cornea 
and  forms  a  permanent  milky  opacity. 

Cystoid  Cicatrix. — ^The  separation  of  the  edges  of  the 
corneal  incision  by  fragments  of  capsule,  prolapsed  iris,  or  clots 
of  blood  not  only  delays  the  healing  process,  but  often  results  in 
closure  of  the  wound  by  a  cicatrix  that  is  irregular  in  cur\'ature, 
inch'ned  to  bulge,  and  is  the  seat  of  one  or  more  cysts  which  tend 
to  increase  in  size.  The  outcome  is  unfavorable  from  rupture  of  a 
cyst  or  from  the  tendency  to  the  formation  of  ciliary  staphyloma. 
The  cysts  may  disappear  by  the  use  of  the  actual  cautery,  pressure 
bandage,  eserin,  and  tonics.  A  high  grade  of  astigmatism,  axis 
horizontal,  is  common. 

Closure  of  the  Pupil. — The  pupil  and  the  coloboma  become 
blocked  with  exudation  and  opaque  remnants  of  the  capsule.  A 
dense  membrane  forms,  to  which  the  pupillar}-  border  and  part 
of  the  posterior  surface  of  the  iris  become  adherent.     The  iris  is 
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gradually  drawn  toward  the  cicatrix  in  the  limbus,  the  pupil 
becomes  smaller  and  its  original  site  is  finally  covered  by  the  dis- 
tended and  atrophied  membrane,  and  the  coloboma  is  replaced 
by  a  dark  line  showing  the  union  of  the  edges  of  the  cut  iris.  Vision 
is  reduced  to  the  perception  of  light.  Closure  of  the  pupil  is  often 
the  result  of  loss  of  vitreous,  chronic  iritis,  and  imperfect  healing 
of  the  corneal  wound. 

Glaucoma. — Obstruction  of  the  filtration  angle  of  the  anterior 
chamber  gives  rise  to  increased  tension  and  secondary  glaucoma. 
The  attack  may  be  relieved  by  repeated  paracentesis  of  the  cornea. 
Frequent  instillation  of  J  or  i  grain  solution  of  eserin  is  of  service. 
If  the  effect  of  paracentesis  is  transient  or  unfavorable,  iridectomy, 
combined  with  the  extraction  of  detachable  shreds  of  capsule, 
should  be  made.    The  prognosis  is  unfavorable. 

Deep-seated  Hemorrhage. — In  general  arterial  sclerosis  or 
phlebitis  of  the  choroidal  veins  the  sudden  diminution  in  the 
normal  intraocular  tension  at  the  time  of  the  mcision  or  at  the 
escape  of  the  lens  may  be  followed  by  extensive  hemorrhage  from 
rupture  of  a  retinal  or  choroidal  vessel.  In  rare  instances  the 
hemorrhage  may  not  appear  for  several  hours  following  the  ex- 
traction. The  vitreous  is  slowly  forced  out  through  the  incision 
by  pressure  of  the  blood  from  behind.  The  blood  oozes  for  a  few 
hours  or  for  a  day  or  two,  overflowing  the  commissure  and  soaking 
the  bandage.  Nothing  can  prevent  total  and  irremediable  blind- 
ness. Pressure  bandage,  strychnin,  ergot,  and  absolute  rest  in 
bed  with  the  head  elevated  may  avoid  the  necessity  for  enuclea- 
tion. If  the  lens  in  the  other  eye  is  cataractous  and  operation  is 
indicated,  the  operator  is  confronted  with  a  serious  problem. 
Simple  or  combined  extraction  will  almost  surely  lead  to  similar 
expulsive  hemorrhage.  A  discission  followed  by  linear  extraction 
offers  a  more  favorable  prognosis.  Couching  has  been  recom- 
mended. 

Retention  of  Portions  of  the  Lens. — In  incomplete  cat- 
aract with  soft  or  transparent  cortex,  and  in  unripe  cataract  with 
soft  cortex  and  hard  nucleus,  the  lens  capsule  is  not  entirely 
evacuated.  In  most  cases  the  residue  of  lens  matter  may  be 
removed  during  the  operation  of  extraction  by  repeated  and  gentle 
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stroking  upward  of  the  cornea  by  the  spoon  or  the  border  of  the 
lower  lid,  or  by  washing  out  the  anterior  chamber  with  normal 
salt  solution.  Long-continued  manipulation  will  lead  to  striped 
keratitis  or  to  iritis.  The  cortex  is  usually  absorbed  in  a  few  w^eeks. 
Sometimes  pieces  of  opaque  capsule  are  mistaken  for  lens  sub- 
stance. Such  fragments  may  be  divided  by  the  knife  needle  or 
removed  by  subsequent  extraction. 

Post-operative  Delirium  occurs  in  a  small  percentage  of  cases. 
It  is  ascribed  to  the  apprehension  and  nervousness  incident  to  the 
dread  of  the  operation  or  to  the  eflfect  of  the  subsequent  bandaging- 
It  is  mild  or  active,  and  is  controlled  by  potassium  bromidj  chloral, 
or  hyoscin,  and  the  removal  of  the  bandages.  It  is  not  confined 
to  persons  operated  on  for  cataract,  but  may  follow  other  opera- 
tions on  the  eye. 

Comparative  Value  of  Simple  and  Combmed  Extraction. 
— ^Opinions  of  experienced  surgeons  differ  as  to  which  of  the  two 
operations  give  the  more  satisfactory  results.  The  simple  is  the 
ideal  method  in  selected  cases,  its  great  advantage  consisting  in 
the  preservation  of  a  round  pupil.  The  greater  difficulty  in 
expressing  the  lens  and  in  freeing  the  anterior  chamber  of  parti- 
cles of  retained  cortical  material  is  not  regarded  as  an  argument 
against  the  operation.  The  most  serious  objection  to  simple 
extraction  is  the  frequency  of  prolapse  of  the  iris.  Moreover, 
operations  for  after- cataract  are  more  frequently  required.  The 
disadvantages  of  the  combined  operation  are  the  mutilation  of  the 
iris,  hemorrhage  into  the  anterior  chamber,  and  subsequent  dis- 
turbance of  vision  by  the  coloboma.     Prolapse  of  the  iris  is  rare,* 


*  R,  H.  EHot,  of  Bombay,  India,  whc^se  expenenci*  in  cfttaract  extiactiofL 
is  probably  larger  than  that  of  any  other  operator,  proceeds  as  follows^  After 
the  intPoductioD  of  the  speculum  and  befonc  llie  coiTiea!  incision,  he  freely  lacerated 
the  capsule  in  the  pupillary  region  by  a  Bowman  nectUe.  He  makes  a  lioirow  iridcc* 
tamy  In  96  per  cent,  of  the  cases^  expresses  the  lens  by  m^iTiipulation^  and  imme- 
dUtely  removes  the  speculum.  Ail  residue  of  lens  material^  blood,  or  other  debrb 
i£  washed  out  from  the  anterior  chamber  by  mcan^  of  a  sti^eftm  of  water  introduced 
b^  a  MacKeown  syringe.  With  the  j^ame  instrument  the  iris  h  replaced  and 
the  wound  in  the  cornea- cleansed.  In  restless  and  appfehensive  patients  hypo- 
dentuc  injection  of  inorphin  h  invaluable.  At  the  conclusion  of  the  operatioo 
ths  eye  is  irrigated  by  a  solution  of  chinoaoli  t  *  joooi 
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The  combined  method  is  to  be  preferred  in  nervous  patients, 
in  all  complicated  cataracts,  in  sluggishly  reacting  iris,  in  shallow 
anterior  chamber,  in  immature  cataract,  and  in  eyes  the  subject 
of  chronic  inflammation. 

Some  surgeons  prefer  to  perform  preliminary  iridectomy  in  all 
cases,  believing  that  this  procedure  is  more  uniformly  successful 


Fig.  187. — Knapp's  Knife  Needle. 

and  insures  a  higher  visual  acuity  than  is  obtained  by  other 
methods.  It  may  be  chosen  if  intraocular  hemorrhage  or  other 
complication  is  to  be  feared  or  if  extraction  on  the  other  eye  has 
been  unsuccessful. 

Treatmeat  of  Capsular  Cataract. — Discission  of  the  capsule 
is  justifiable  if  vision  has  declined  to  two-fifths  of  normal."    At  the 


Fio.  iSS. — Discission  with  Two  Needles. 

end  of  two  or  three  months  following  extraction  the  capsule  is 
wcb-likc  and  olTurs  no  resistance  to  the  knife  needle. 


In  performing  discission  of  opaque  cai)sule,  artificial  light  is 
focused  l)v  a  stro:v^  lens  u[)on  the  previously  dilated  pupil.  The 
ordinary  dixMS'^ion  needle  or  Knai)p  knife  needle  is  passed  through 
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the  cornea  at  a  point  midway  between  the  periphery*  and  the  center, 
and  thrust  into  the  less  dense  portions  of  the  capsukj  in  order  that 
no  traction  is  made  upon  the  ciliarj'  processes.  Tough  bands 
should  be  avoided.  The  form  of  the  incision  is  regulated  largely 
by  the  shape  of  the  opacity.    The  principal  cuts  should  be  at  right 


Fig.  189- — Tyrbeix  Shasp  Hook. 

angles  to  each  other.  If  the  membrane  is  loose  at  one  side  the 
cutting  will  be  more  thoroughly  done  by  fixing  the  attached  por- 
tion  with  a  second  needle. 

A  tough  capsule  may  be  dealt  with  by  the  use  of  two  needles, 
one  introduced  through  the  nasal  side  of  ihe  cornea  into  the  center 


!'f-;.  J 


FtG.  J90.— Excisrao  T01XGH  Membranes. 


of  the  membrane,  and  ihe  second  needle  entered  from  the  lem- 
poral  side  and  passed  into  the  opening  in  the  capsule  made  by  the  ' 
first  needle.    The  handles  of  the  two  needles  are  now  made  to 


IRIDOTOMY.  345 

approach  one  another,  thus  separating  their  points  and  tearing  a 
hole  in  the  capsule  (Fig.  i88). 

Carefully  performed  discission  induces  little  reaction,  although 
long-continued  attempts  to  tear  dense  fibrous  bands  may  result 
in  severe  inflammation,  glaucoma,  and  the  loss  of  the  ball. 

Iridotomy. — Membranous  opacities  that  cannot  be  cut  are 
adapted  to  the  operation  of  iridotomy.  An  incision  is  made 
through  the  cornea  with  a  keratome,  the  point  of  which  is  carried 


Fig.  191. — Withdrawing  Portion  of  the  Membrane. 

through  the  capsular  membrane.  One  blade  of  de  Wecker's 
iridotomy  scissors  is  inserted  through  the  ai)erture,  and  the  mem- 
brane divided  in  several  directions. 

Another  method  is  to  incise  the  cornea  through  its  lower  quad- 
rant with  a  liccr  knife  held  at  rij^ht  angles  to  the  vertical  axis  of 
the  (ornca,  the  ])oint  (»f  the  knife  ])enetrating  the  capsular  mem- 
brane in  it-,  upper  ])f)rti()n  H-'ig.  190).  A  Tyrrell  hcxjk  is  then 
in-<rtcd,  and  the  lower  li])  of  tlie  caj)sular  wound  drawn  through 
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the  corneal  incision  and  excised  (Fig.  191).  If  the  membrane 
is  unyielding  and  cannot  be  withdrawn  without  too  great  trauma- 
tism to  the  iris  at  its  periphery,  the  incision  through  it  should 
be  enlarged  by  means  of  a  Graefe  knife. 

Partial  Dislocation  or  Subluxation  of  the  Lens  is  congenital 
(ectopia  leniis),  or  acquired  from  traumatism,  disease,  or  high 
myopia.  In  the  congenital  form  the  suspensory  ligament  is  im- 
perfect from  lack  of  development  or  from  rupture  in  intrauterine 
life.  The  capsule  remains  intact.  The  lens  may  be  tilted  ver- 
tically or  from  side  to  side,  resting  partly  in  and  partly  outside  of 
its  fossa  in  the  anterior  surface  of  the  vitreous  body.  It  is  usually 
clear. 

Symptoms. — ^The  anterior  chamber  is  of  unequal  depth, 
shallow  where  the  lens  periphery  projects  the  iris  forward,  and 
deep  in  all  other  parts.  The  iris  trembles  with  every  movement  of 
the  ball  (iridodonesis),  and  lies  in  several  planes  according  to  its 
relation  to  the  lens  surface.  The  pupil  is  slightly  displaced  and 
appears  black  as  in  the  normal  eye,  except  in  those  marked  cases 
in  which  a  sector  of  the  lens  circumference  shows  as  a  dark  cur\'ed 
line.  Vision  is  subnormal,  and  diplopia  is  sometimes  present. 
The  refraction  of  the  eye  is  usually  highly  myopic  and  astigmatic. 
The  dislocation  is  frequently  hereditary  and  in  most  cases  bin- 
ocular and  symmetric. 

As  a  rule,  no  treatment  other  than  glasses  is  indicated  until 
late  in  life,  when  the  lenses  become  opaque. 

In  subluxation  the  result  of  injury  by  direct  blow  or  concussion, 
the  suspensor}'  ligament  is  ruptured,  and  the  lens  in  its  capsule 
slides  partly  out  of  the  fossa.  It  may  be  associated  with  hemor- 
rhages into  the  vitreous  and  choroidal  rupture,  and,  in  addition 
to  the  signs  of  dislocation,  there  is  ciliar}'  congestion,  increased 
tension,  blindness,  and  absent  retinal  rctlex. 

Rest  in  bed,  eserin  or  atropin,  and  ice  C()mj)resses  are  indicated. 
Eserin  is  of  doubtful  value  notwithstanding  abnormally  high 
tension.  The  glaucomatous  symptoms  arise  from  the  increased 
contents  of  the  vitreous  chamber  and  pressure  uj)on  the  orifices  of 
the  vencc  vorlicosic  rather  than  from  closure  of  the  filtration  angle. 
Atropin,  positively  contraindicated  in  non-traumatic   glaucoma, 
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wiU  put  the  ciliarj'  muscle  at  rest,  relax  the  choroid,  permit  of  the 
more  free  exit  of  blood,  promote  absorption  of  exudates,  and  re- 
lieve the  pressure. 

In  atrophied  balls  and  in  absolute  glaucoma  the  lens  par- 
ticipates in  the  disease  of  the  internal  structures  and  becomes 
shifted  from  its  normal  position. 

Complete  Dislocation  or  Luxation  of  the  Lens.— The  affec- 
tion is  rarely  or  never  spontaneous,  but  is  the  result  of  traumatism. 
The  dislocation  may  be  fon-vard  into  the  anterior  chamber,  under 
the  conjunctiva  through  a  rupture  in  the  sclera,  or  backward 
into  the  M'trcous  chamber.  A  lens  dislocated  into  the  anterior 
chamber  is  readily  recognized  in  its  new  position  by  the  enormous 
magnification  of  the  tissue  of  the  iris,  by  the  deep  chamber,  by  its 
contour,  and  by  the  dis- 
placement backward  of 
the  iris.  The  eye  is  in- 
flamed and  tension  is 
raised.  The  lens  gradu- 
ally becomes  opaque.  It 
should  be  removed 
through  a  corneal  inci- 
sion. A  lens  dislocated 
under    the    conjunctiva 

makes  a  transparent  bi-  ^^^  x92.-Dislocation  of  the  Lkns  into  the 
convex  and  slightly  mov-  Anterior  Chamber. 

able  tumor,  of  the  form 

and  size  of  a  cr\^stallinc  lens.  The  historv  of  the  accident,  a 
tumor  the  size  of  the  lens,  the  ruptured  sclera,  and  the  absence 
of  the  lens  from  its  normal  position  make  the  diagnosis  clear. 
The  envelope  of  conjunctiva  should  be  divided  and  the  lens 
removed. 

A  lens  dislocated  into  the  vitreous  is  clear  or  opaque,  and 
shifts  its  position  with  every  movement  of  the  eye,  or  may  be  ad- 
herent to  the  fundus  by  inllammatory  exuchite.  If  o|)aque  and 
movable,  it  appears  momentarily  in  the  line  of  the  jmpil  andean 
be  readily  seen  by  the  naked  eye;  but  if  clear,  the  diagnosis  must 
Ix-  made  by  ihe  oplilhalmoscof)e  or  by  ima,^es  of  a  candle-flame. 
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The  reflections  from  the  cornea  and  anterior  surface  of  the  lens 
are  erect,  and  move  with  the  movement  of  the  light,  and  that  on 
the  posterior  surface  of  the  lens  is  inverted  and  moves  opposite  to 
the  light.  The  refraction  is  hyperopic,  equal  to  that  in  aphakia 
after  cataract  operation.  With  corrected  refraction  vision  may  be 
restored  to  nearly  normal.  A  conser\'ative  plan  should  be  fol- 
lowed. Attempts  at  extraction  should  be  made  only  when  the 
safety  of  the  eye  is  endangered  by  irritation  induced  by  the  foreign 
body — the  lens.  In  extraction,  Knapp  favors  the  manipulation 
through  the  upper  and  lower  lid  alternately  after  the  corneal  in- 
cision has  been  made.  When  unsuccessful  in  expelling  the  lens, 
he  lifts  it  out  with  a  wire  loop  or  metal  spoon.  Some  operators 
prefer  fixing  the  lens  by  some  form  of  bident  as  the  first  step  of  the 
operation.  In  any  case  the  operation  is  a  serious  one.  Much 
vitreous  may  be  lost  and  the  ball  collapse. 

In  the  obsolete  operation  of  couching  for  cataract  the  opaque 
lens  is  dislocated  into  the  vitreous  by  means  of  a  wide  needle 
passed  through  the  sclera  back  of  the  ciliary  body.  Iridocyclitis, 
and  in  some  cases  sympathetic  ophthalmia,  was  so  frequent  a 
result  that  the  procedure  has  properly  been  abandoned.  Recent 
attempts  to  revive  it  are  not  meeting  with  encouragement. 

Coloboma  of  the  lens  is  infrequent.  It  is  probably  caused 
by  delayed  closure  of  the  ocular  fissure.  The  peripheral  circum- 
ference, near  the  ciliary  body,  is  defective  in  a  small  triangular 
segment,  while  the  lens  itself  is  transparent  and  otherwise  normal. 


CHAPTER  XIII. 
DISEASES  OF  THE  VITREOUS. 

Anatomy. — The  vitreous  body  is  a  colorless,  transparent  substance 
enclosed  in  a  delicate  connective-tissue  membrane  known  as  the 
hyaloid.  It  lies  in  close  contact  posteriorly  to  the  optic  nerve  and  retina, 
and  anteriorly  to  the  ciliary  muscle  and  ciHary  processes.  Its  anterior 
surface  is  cupped,  fossa  Icnticnlaris,  to  accommodate  the  lens.  The 
vitreous  is  supported  and  its  different  sections  are  separated  from  each 
other  by  trabeculae  of  transparent  connective  tissue.  It  has  no  ner\'es 
or  blood-vessels  of  its  own,  receiving  its  nourishment  from  the  ciliary 
body  and  partly  from  the  vessels  of  the  retina.  In  intrauterine  life  it 
is  traversed  in  its  antero-posterior  axis  by  a  canal  containing  the  central 
hyaloid  artery  and  vein,  which  run  from  the  optic  disk  to  the  posterior 
surface  of  the  lens.  Before  birth  the  blood-vessels  are  absorbed,  but 
the  canal  remains  as  a  lymph  channel. 

Congenital  Anomalies. — Persistent  hyaloid  artery:  Tcrrien 
claims  that  the  eyes  of  the  majority  of  infants  of  less  than  one  year 
contain  the  remains  of  the  hyaloid  artery  as  a  small  twig-like  cord 
which  projects  into  the  vitreous  from  one  of  the  arteries  on  the 
disk.  Not  infrequently  remnants  of  the  vessel  are  found  in  adults. 
It  may  be  an  arter>'  running  through  the  vitreous  from  the  nerve 
head  to  the  lens  and  containing  blood,  a  fibrous  cord  of  the  same 
origin  and  distribution,  an  atrophied  tag  from  i  to  12  mm.  long 
with  its  free  end  floating  in  the  vitreous,  or  only  fine  fibrous  lines 
on  the  posterior  capsule.  In  most  cases  the  eye  is  free  from  other 
congenital  defects,  ah  hough  sometimes  opacities  are  found  in  the 
vitreous,  the  lens  is  cataraclous,  and  the  retina  and  nerve  atrophied. 
Blood-vessel  jormation:  Bands  or  membranes  containing  blood- 
vessels lying  in  close  i)ro.\imity  to  the  retina  have  been  described 
as  congenital  defects  in  aml)lyoiMc  eyes.  They  are  extremely 
rare. 

Inflammation  of  the  Vitreous  (Hyalitis). — The  vitreous 
possesses  little  resistance  power  to  disease,  and  it  is  therefore 
fre(iuenily  involved  in  morbid  processes  of  other  internal  struc- 
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tures  of  the  eye.  The  majority  of  opacities  arc  secondar)-  to 
retinal  and  uveal  affections,  but  spontaneous  inflammation  of  the 
vitreous  may  occur. 

Hyalitis  is  recognized  by  (i)  opacities  that  form  in  any  part 
of  the  vitreous  chamber,  and  (2)  purulent  infiltration  or  degen- 
eration. 

Opacities  of  the  Vitreous. — The  presence  of  floating  opac- 
ities indicates  a  degeneration,  partial  or  complete,  of  the  vitreous 
humor,  and  a  change  of  its  consistence  into  a  waterj'-like  fluid. 
The  loss  of  transparency  depends  on  the  size,  situation,  and 
density  of  the  exudation,  and  varies  from  a  few  minute  opaque 
points  to  total  obscuration.  The  opacities  consist  of  hyper- 
trophied  connective  tissue,  broken-do^Ti  trabeculae,  and  exuda- 
tion and  blood  from  the  uveal  tract  or  retina.  In  a  state  of  repose 
the  opacities  collect  by  reason  of  gravity  on  the  floor  of  the  vitreous, 
rising  with  every  movement  of  the  ball  to  float  rapidly  across  the 
line  of  vision.  Floating  opacities  in  the  vitreous  are  exceedingly 
common,  and  are  found  in  eyes  that  are  supposed  to  be  healthy 
as  well  as  those  that  are  diseased. 

Varieties. — Opacities  are  of  three  kinds:  (i)  dust-like;  (2) 
flakes  or  threads;  (3)  membranous. 

I.  The  dust-like  opacity  is  seen  as  a  fine  cloud  of  isolated  dots 
changing  its  position  with  the  movements  of  the  ball.  It  may 
occupy  all  or  any  portion  of  the  vitreous,  but  is  more  frequently 
located  in  the  posterior  half,  surrounding  the  antero-posterior 
axis,  the  peripher}'  remaining  almost  clear.  The  view  of  the  optic 
disk  and  foveal  region  is  obscured,  while  that  of  the  fundus  near 
the  equator  is  distinctly  visible.  Optic  neuritis,  isolated  patches 
of  atrophied  choroid,  or  edematous  retina  are  sometimes  asso- 
ciated with  the  opacity.  The  inflammation  of  the  papilla  may 
be  only  apparent.  As  the  disease  progresses  the  isolated  points 
of  opacity  become  confluent  and  form  small  membranes.  The 
affection  is  chronic,  extending  over  many  months,  and,  while  the 
prognosis  is  not  unfavorable,  perfect  absoq)tion  of  the  opacities 
rarely  occurs.  A  few  specks  remain  in  the  partly  fluid  vitreous, 
floating  in  the  line  of  vision  and  annoying  the  patient  by  iheir 
shadows  upon  the  retina. 
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2.  The  flakes  or  threads  assume  various  shapes,  and  are  sub- 
ject to  change  in  density,  size,  and  form.  Unless  indicative  of 
inflammation  of  the  uveal  tract,  the  opacities  are  few  and  limited 
to  a  small  section  of  the  vitreous.  They  are  annoying  and  may 
persist,  but  need  cause  no  apprehension. 

3.  The  membranous  form  of  opacity  is  less  frequent  than  either 
of  the  others,  and  it  presages  danger  to  vision.  It  is  a  collection 
of  flocculi  that  have  become  agglutinated  together  through  some 
process  of  disease  in  the  vitreous.  Complete  absorption  seldom 
occurs. 

Causes. — Opacities  of  the  vitreous  are  in  general  the  result 
of  disease  of  the  uveal  tract  induced  by  sjTphilis,  inherited  or  ac- 
quired, diabetes,  or  other  constitutional  affections.  The  local  con- 
ditions favorable  to  their  development  are  myopia,  wounds  and 
other  injuries  to  the  ball,  and  disease  of  the  walls  of  the  vessels 
of  the  retina  and  choroid. 

The  dust-like  opacities  arc  usually  associated  with  sj'philitic 
choroiditis;  the  flakes  and  membranes  are  found  both  in  specific 
and  non-specific  choroiditis,  in  high  myopia,  and  following  injury 
and  operations.  The  presence  of  opacities  should  always  induce 
a  careful  search  for  evidences  of  disease  of  the  uveal  tract.  In- 
crease in  number  and  density  of  the  opacities  in  myopia  often 
indicates  a  rapid  change  in  the  refraction  and  permanent  lowering 
of  vision. 

Treatment. — The  remedies  indicated  by  the  underlying  and 
constitutional  affection  should  be  given.  Mercurj'  and  potassium 
iodid  are  useful  both  in  specific  and  non-specific  affections.  In 
cases  of  membranous  opacities  urinar}'  analysis  is  imperative,  par- 
ticularly the  test  for  sugar.  Profuse  sweating  induced  by  pilocar- 
pin  and  hot  baths  is  a  valuable  adjunct  to  other  treatment.  The 
bowels  should  be  kept  soluble. 

In  myopia  the  most  remedial  as  well  as  preventive  measure 
is  the  proper  correction  of  the  optical  defect.  With  everj-  change 
in  refraction  a  corresponding  change  in  the  glass  is  needed.  Con- 
striction of  the  vessels  of  the  neck,  prolonged  near  use  of  the  eyes, 
and  every  form  of  eye-strain  are  to  be  avoided,  and  exercise  in  the 
open  air  advocated. 
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Hemorrhage. — Blood  in  the  vitreous  chamber  is  derived 
from  the  vessels  of  the  retina,  choroid,  or  ciliary  body  as  the  result 
of  disease,  injury,  or  violent  physical  exertion.  The  constitutional 
affections  with  which  hemorrhages  may  be  associated  are  sup- 
pression of  the  menses,  anemia,  diabetes,  and  nephritis.  With 
the  ophthalmoscope  a  small  hemorrhage  appears  as  long  ribbon- 
shaped  opacities,  usually  attached  at  one  extremity  to  some  point 
of  the  uveal  coat.  Large  extravasations  present  a  dark,  irregularly 
outlined,  and  movable  body  surrounded  by  the  pink  color  of  the 
retinal  reflex.  A  clot  large  enough  to  fill  the  chamber  completely 
hides  the  fundus  from  view,  and  vision  is  suddenly  impaired  or 
lost.  As  the  blood  is  absorbed  partial  vision  may  be  regained,  but 
usually  the  hemorrhage  is  repeated,  the  vitreous  becomes  disor- 
ganized, the  retina  detached,  and  the  ball  atrophied. 

The  blood-clot  may  become  organized  with  the  formation  of  a 
capillary  network,  adherent  to  the  retina  in  several  places  and 
partially  obscuring  the  details  of  the  fundus. 

Treatment. — ^The  measures  outlined  for  opacities  are  of 
value  in  the  treatment  of  vitreous  hemorrhage.  Local  blood- 
letting, diaphoresis,  and  rest  in  bed  may  be  employed,  with  rem- 
edies to  lower  arterial  tension. 

Purulent  Hyalitis.— Purulent  infiltration  and  degeneration 
of  the  vitreous,  the  result  of  metastatic  infection  or  of  the  entrance 
into  the  vitreous  humor  of  an  infected  foreign  body,  is  a  violent 
disease,  fatal  to  sight  and  often  to  the  integrity  of  the  eyeball.  In 
the  metastatic  form  the  purulent  process  has  its  starting-point  in 
an  infarction  or  thrombus  in  one  or  more  vessels  of  the  choroid. 
The  infection  soon  spreads  through  the  choroid  and  retina  and 
invades  the  vitreous,  infiltrating  ever}'  section,  and  in  a  few  days 
panophthalmitis  ensues.  All  the  tissues  of  the  eye  are  involved, 
and  vision  is  irretrievably  lost.  With  the  subsidence  of  the  acute 
symptoms  the  eye  becomes  atrophic. 

Sjrmptoms. — Rapid  loss  of  vision,  edema  of  the  lids,  chemosis 
of  the  conjunctiva,  ciliar>'  injection,  iritis,  and  shallowing  of  the  an- 
terior chamber  are  followed  by  dislocation  forward  of  the  lens 
and  a  yellowish  reflex  from  the  collection  of  pus  in  the  vitreous. 
The  morbid  process  may  advance  more  slowly  and  be  unattended 
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with  the  signs  of  violent  inflammation.  Gradually  the  yellowish 
mass  in  the  vitreous  forces  the  lens  and  iris  fonvard  until  the  an- 
terior chamber  is  annihilated.  Blood-vessels  may  be  seen  coursing 
over  its  anterior  surface. 

The  slowly  advancing  purulent  infiltration  has  been  described 
by  some  writers  as  pseudo- glioma,  on  account  of  the  resemblance 
of  the  yellowish  mass  to  that  of  glioma  of  the  retina.  The  history 
of  the  case  and  a  few  days*  observation  will  ser\'e  to  differentiate 
the  two  affections. 

Treatment. — The  introduction  of  iodoform  into  the  vitreous 
(Van  Milligen),  electrolysis,  the  electric  cautery,  and  subcon- 
junctival injections  of  mercuric  bichlorid,  norrhal  salt,  and  other 
solutions  have  been  advocated,  but  are  of  little  avail.  Puncture 
through  the  sclera  or  cornea  with  evacuation  of  the  pus  and  subse- 
quent evisceration  or  enucleation  will  be  required. 

A  form  of  chronic  purulent  degeneration  of  the  vitreous  some- 
times follows  typhoid  fever  and  other  exhausting  and  protracted 
diseases.  The  process  is  probably  analogous  to  that  of  necrosis 
of  the  cornea  in  infantile  dyscrasias,  in  which  an  embolus  or  a 
thrombosis  of  the  vessels  of  the  choroid  cuts  off  the  nutrition  of  the 
vitreous.  Degeneration  of  the  vitreous  may  not  proceed  beyond 
the  formation  of  opacities,  which  after  recovery^  are  absorbed. 

Cysts  of  the  vitreous  are  the  result  of  injuries,  or  contain  a 
cysticercus.  The  parasite  is  rarely  seen  in  America,  but  is  not 
uncommon  in  the  northern  parts  of  Germany,  where  raw  or  in- 
sufficiently cooked  meat  is  a  common  article  of  food.  The  different 
parts  of  the  head  of  the  worm  may  be  distinguished  if  the  vitreous 
is  clear.  If  the  cysticercus  cannot  be  removed,  the  ball  must  be 
enucleated. 

Detachment  of  the  Vitreous. — Shrinking  of  the  vitreous 
leads  to  effusion  between  the  hyaloid  and  the  retina,  and  fre- 
quently between  the  retina  and  choroid.  Detachment  of  the 
vitreous  is  difficult  of  diagnosis  and  beyond  the  reach  of  remedies. 
It  is  an  accompaniment  of  those  chronic  diseases  of  the  uveal  tract 
that  lead  to  phthisis  bulbi.  In  essential  shrinking,  with  atrophy 
of  the  ball,  enucleation  is  advisable  in  order  to  relieve  pain  and 
prevent  sympathetic  ophthalmia. 
23 
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Synchysis  Scintillans.— Cholestcrin  crystals  floating  in  the 
vitreous  are  recognized  by  their  bright  metallic  luster  when  illu- 
minated by  the  ophthalmoscope.  They  are  small  and  numerous, 
and  reflect  the  light  with  great  brilliancy  as  they  move  rapidly 
in  all  directions  through  the  chamber.  They  indicate  old  hemor- 
rhage or  chronic  disease  of  the  uveal  tract.  Remedies  seem  to 
have  little  influence  in  effecting  absorption. 

Muscse  Volitantes. — ^The  minute  dark  spots  floating  in  the 
line  of  vision,  particularly  noticeable  on  cloudy  days  or  when  look- 
ing toward  the  sky,  are  not  strictly  pathologic  formations  in  the 
vitreous  but  shadows  cast  on  the  retina  by  the  vitreous  stroma. 
They  are  attributable  to  retinal  irritation  or  choroidal  congestion, 
the  result  of  eye-strain  or  of  some  constitutional  disturbance. 
Ametropia  should  be  corrected  by  glasses.  Podophyllin,  calomel, 
or  other  remedies  to  unload  the  portal  circulation  are  useful. 

Injuries  of  the  Vitreous. — Perforating  wounds  of  the  sclera 
and  the  lodgment  of  foreign  bodies  in  the  vitreous  are  described 
on  page  256. 
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Diseases  of  the  Retina. 

Anatomy. — In  the  living  subject  the  normal  retina  is  a  transparent 
membrane ;  after  death  it  is  opaque.  It  consists  microscopically  of  ten 
layers — namely,  the  internal  limiting  membrane,  in  apposition  with  the 
hyaloid,  nerve-fiber,  ganglion  ceU,  internal  granular,  internal  granu- 
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Fig.  193. — Vertical  Section  of  Human  Retina,  from  the  Posterior  Por- 
tion OF  THE  Eyeball.     X  400. — {Ajter  Schaper.) 


lated,  external  granular,  external  granulated,  external  limiting  mem- 
brane, rods  and  cones,  and  the  pigment  layer.  Anatomically,  the  last 
layer  properly  belongs  to  the  choroid.  The  retina  may  be  considered 
clinically  to  consist  of  the  nerve-fiber  layer,  the  granular  layer,  and  the 
layer  of  rods  and  cones,  which  together  form  the  third  envelope  of  the 
ball.     The  retina  commences  at  the  border  of  the  optic  nerve  entrance, 
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spreads  uniform3y  toward  the  periphery*  until  It  reaches  the  commence* 
ment  of  the  ciliary  body,  where  it  terminates  as  the  ora  serrata ;  thence 
the  outer  layer,  the  pars  ciliaris  retinse,  continues  forw^ard,  lining  ihe 
inner  surface  of  the  ciHar)"^  body  and  posterior  surface  of  the  iris. 

The  nervT-fiber  layer  of  the  retina  is  the  intraocular  expansion  of 
the  opiic  nerve.  At  the  oaikr  extremity  of  the  visual  line,  slightly  to 
the  temporal  side  of  the  posterior  pole  of  the  eye,  is  the  /oi^a,  a  circular 
or  oval  depression  in  the  retina  about  1,2  mm.  in  diameter,  having  as 
its  center  a  yellow  spot,  the  javea  centralis  or  the  Jtjacu/a  luttu.  At  the 
boundaries  of  the  fovea  the  anatomy  of  the  retina  changes,  and  at  the 
macula  only  the  rods  and  cones  and  pigment  layers  remain.  The  foveal 
region  is  the  most  sensitive  portion  of  the  retina,  and  therefore  receives 
the  most  acute  impressions. 

The  central  arter}*  of  the  retina  divides  on  the  disk  into  superior  and 
inferior  retinal  arteries,  which  subdivide  into  the  nasal  and  temporal 
branches,  giving  off  numerous  fine  twigs.  The  venous  blood  is  con- 
veyed by  the  retinal  veins  to  the  central  vein  of  the  nerve,  thence  to  the 
ophthalmic  vein.  Occasionally  a  small  artery  perforates  the  disk  near 
its  periphery  (see  Fig.  228),  and  apparently  has  no  connection  with  the 
central  artery,  but  springs  from  one  of  the  short  ciliary  arteries. 

The  optic  disk,  insensible  to  light -waves,  is  to  the  nasal  side  of  the 
posterior  pole.  The  projection  fonvard  into  the  field  of  vision  of  the 
optic  disk  makes  a  scotoma  known  as  ''Marrjotte's  bhnd  spot''  to  the 
temporal  side  of  the  point  of  fi.xation. 

The    Normal     Eye-ground. — Within    physiologic  limits   the 

papilla  shows  differences  in  shape  and  color,  branching  of  the 
arter}%  pigment  upon  its  surface  and  edges^  and  depression  or 
cupping  of  its  surface.  The  ophthalmoscopic  appearance  of  the 
foveal  region  depends  more  on  the  character  and  degree  of  illtimina- 
tion,  and  the  extent  of  field  under  observation*  than  upon  anatomic 
variations.  In  young  persons  the  region  is  more  distinctly  outlined 
and  the  center  more  clearly  marked  than  in  adults.  The  light 
reflected  by  the  vessels  and  minute  elevations  in  the  retina  gives 
the  appearance  known  as  shot-silk  retina*  The  color  of  the  fundus 
is  modified  by  the  intensity  of  the  inflammation  and  the  density  of  1 
the  retinal  and  choroidal  pigment-  In  the  albino  the  retinal 
and  choroidal  pigments  are  absent,  and  the  fundus  reflects  a 
pinkish' white  light.  In  thf^  negro  the  fundus  is  dark  grayish, 
and  completely  conceals  the  choroid  and  sclera* 

A  partial  or  complete  pigment  ring  around   the  optic  disk 
is  not  necessarily  a  sign  of  disease.    Its  size  and  extent  accords 
with  the  density  and  quantity  of  retinal  or  choroidal  pigment  atl 
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that  point.  It  is  known  as  the  choroidal  ring.  The  scleral  ring, 
due  to  absorption  of  pigment  in  circumpapillary  atrophy,  is 
frequent  in  myopia  and  glaucoma. 

Hyperemia. — Congestion  of  the  nerve  and  retina  is  recognized 
by  the  deep  color  of  the  disk,  the  striations  of  the  adjacent  retina, 
and  the  presence  on  the  disk  of  numerous  small  straight  arteries 
not  visible  in  health.  The  retinal  veins  are  increased  in  caliber, 
pulsate,  and  are  apparently  more  numerous  and  tortuous.  The 
tortuosity  of  the  veins  is  either  lateral  or  vertical.  They  pursue 
a  spiral  course,  confining  themselves  to  the  fiber  layer  or  dipping 
down  into  the  deeper  tissues,  where  they  are  partially  lost  from 
sight.  The  contained  blood  appears  darker  than  normal  because 
of  its  greater  volume.  There  is  no  exudation  in  or  alteration  of 
the  pigment  layer;  the  nerve  head  is  slightly  veiled;  the  boundary 
of  the  disk  indistinct,  but  not  concealed  by  exudation  or  edema; 
and  no  hemorrhages,  spots  of  fatty  degeneration,  or  diseased 
patches  of  any  kind  are  to  be  found. 

Hyperemia  is  the  preliminary  stage  of  retinitis,  or  a  symptom 
of  disease  of  the  blood  and  heart,  abdominal  organs,  and  errors 
of  refraction  accompanied  by  accommodative  and  muscular 
strain.  Hyperemia  is  not  common  except  under  the  causative  re- 
lations just  mentioned,  but  the  indistinct  view  of  the  fundus  in 
slight  opacities  of  the  media  and  in  refractive  errors  gives  the 
appearance  of  hyperemia,  and  may  be  mistaken  for  the  affection. 
There  are  no  distinctive  symptoms.  The  coexisting  pain  in  the 
eyes  and  asthenopia  are  referable  to  ametropia  or  muscular 
anomalies.  The  treatment  is  that  of  the  causative  factors.  Hy- 
peremia as  a  sign  of  cerebral  congestion  requires  bromid,  ergot, 
rest,  outdoor  life,  and  relief  from  business  cares. 

Anemia  is  a  symptom  of  diseases  of  the  circulatory  system, 
embolism  of  the  central  arter)',  compression  of  the  arteries  in 
the  optic  nerve,  depressed  nutrition,  and  profuse  systemic  hem- 
orrhages. It  is  recognized  by  narrow  caliber  and  light  color  of 
the  arteries  and  the  dark,  serpentine,  and  pulsating  veins.  The 
disk  is  pale,  sharply  outlined,  and  in  marked  contrast  to  the 
choroidal  ring,  and  the  eye-ground  is  of  h'ghter  hue  than 
normal. 
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Acute  anemia  of  the  retina  and  nerve  may  follow  within  a 
few  hours  extensive  loss  of  blood.  Loss  of  vision  is  immediate, 
or  delayed  until  degeneration  of  the  ganglionic  cells  and  nerve- 
fibers  occurs.  The  prognosis  is  more  favorable  in  the  former  than 
in  the  latter,  hchemia  of  the  retina  is  a  high  grade  of  anemia, 
and  is  in  most  cases  a  forerunner  of  atrophy. 

Hyperesthesia,  improperly  classified  with  anesthesia  as  one 
of  the  symptoms  of  hysteria,  is  an  indication  of  retinal  irritation 
and  h}peremia*  It  gi\'es  rise  to  photophobia,  asthenopia,  and 
blepharospasm,  and  is  associated  with  hjpersensitiveness  of  the 
terminal  branches  of  the  fifth  ner\T*  Ophthalmoscopic  examina- 
tion reveals  moderate  dilatation  and  tortuosity  of  the  veins  of 
the  retina.  The  most  usual  causes  are  traumatism,  nasal  disease^ 
ametropia,  uncorrected  presbyopia,  muscular  imbalance,  neuras- 
thenia, gout,  and  also  oxaluria  (de  Schweinilz), 

Treatment  includes  measures  to  relieve  the  systemic  disease, 
nasal  and  phar\*ngeal  complications,  and  to  correct  the  ametropia 
and  muscular  anomaly;  and,  in  addition,  hygienic  environment, 
masScTge^  rest  in  bed,  and  medicinally  cannabis  indica  or  hyoscya* 
min.    Strychnin  is  contraindicated. 

Anesthesia.— Contraction  of  the  visual  field  for  both  white 
and  colors,  diminution  of  central  acuity  of  vision,  and  exhaustion 
of  the  retina  are  the  most  conspicuous  symptoms.  The  degree 
of  loss  of  function  varies.  At  one  examination  it  may  be  slight; 
at  the  next  J  marked.  The  early  exhaustion  of  \nsual  endurance 
is  well  shown  in  perimetric  examinations.  Concentric  limitation 
of  the  field  and  lowering  central  acuity  are  developed  during  the 
test.  At  the  beginning  both  may  be  little  less  than  normal,  but 
at  the  conclusion  they  are  decidedly  reduced. 

Anesthesia  is  a  prominent  svTnptom  of  hysteria  and  neuras- 
thenia, and  is  present  in  convalescence  from  e3diausting  fevers,  in 
women  who  are  the  subjects  of  pelvic  diseases,  and  in  neurotics- 
It  may  be  induced  by  traumatism* 

Treatment  •—Correction  of  ametropia  and  of  muscular  de- 
fects is  essential,  but  the  principal  reliance  must  be  placed  in 
measures  to  relieve  the  causative  disturbance  of  the  nervous  sys- 
tem. 
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Retinitis. — Inflammation  of  the  retina  is  manifested  by  dis- 
turbance of  central  vision,  peripheral  limitation  of  the  field,  sco- 
toma, and  ophthalmoscopically  by  edema,  diffuse  opacity,  hemor- 
rhage, exudation,  pigment  changes,  and  alterations  in  the  vascu- 
larity of  both  nerve-head  and  retina. 

Visual  Disturbances. — Direct  vision  is  reduced  by  disease 
involving  the  entire  retina  or  only  the  foveal  region.  The  sensi- 
bility of  the  retina  is  cither  increased  or  decreased;  in  the  former 
the  retinal  elements  arc  so  sensitive  to  light  that  objects  illuminated 
by  ordinar}'  daylight  are  not  so  well  seen  as  those  in  subdued 
light  (day-blindness) ;  in  the  latter  sensibility  may  be  so  decreased 
by  long  exposure  to  bright  objects  that  the  retina  cannot  perceive 
objects  illuminated  by  an  average  or  moderate  amount  of  light 
(snow-blindness).  In  neurasthenia  the  retina  is  often  acutely 
sensitive,  perceiving  objects  both  in  daytime  and  at  night  that 
are  not  ordinarily  seen  by  healthy  eyes. 

Metamorphopsia  is  the  distortion  or  confusion  of  the  sep- 
arate parts  of  an  object.  In  reading,  a  line  of  words  may  be 
broken  and  two  or  more  words  overlap.  It  is  a  result  of  the 
partial  destruction  of  some  of  the  rods  and  cones  in  the  foveal 
region,  the  absorption  of  retinal  pigment,  or  of  hemorrhage  into 
the  fovea. 

Photopsia  is  a  symptom  of  irritation  of  the  percipient  cells 
of  the  retina  or  of  the  nervT-fibers,  and  is  an  early  symptom 
of  retinal  disease.  It  is  a  subjective  sensation  of  light,  and  takes 
the  form  of  sparks  of  brilliant  and  varied  colors,  flashes  of  light, 
or  concentric  circles  of  color.  These  aberrations  are  more  pro- 
nounced in  the  dark  or  when  the  eyes  arc  closed.  Usually  they 
portend  serious  disease  of  the  optic  nerve  and  retina,  but  arc 
occasionally  caused  by  transient  disturbances  of  the  circulation 
from  constitutional  affections.  They  are  commonly  met  with  in 
the  early  stages  of  detachment  of  the  retina. 

Scotomata  may  be  central,  paracentral,  or  peripheral.  The 
first  indicates  disease  in  the  fovea,  the  second  the  immediate  neigh- 
borhood of  the  fovea,  and  the  last  the  periphery. 

Edema  of  the  Retina. — The  cclema  is  limited  to  a  certain 
portion  of  the  retina  or  is  general  throughout  the  fundus.     In 
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the  former  the  infillraled  areas  are  of  distinctly  different  appear- 
ance from  the  adjoining  normal  tissue.  They  are  opaque  and 
slightly  elevatedj  and  the  blood-vessels  run  over  and  through  the 
edematous  area^  are  decidedly  dark,  but  lose  their  central  hght 
streak  J  and  show  httle  distinction  between  the  veins  and  arteries- 
In  general  edema  the  retina  is  infiltrated  throughout  all  its  layers* 
Hemorrhages,  masses  of  exudation,  and  pigment  changes  are 
unusual  J  although  they  may  appear  in  any  part  of  the  retina. 
Edema  is,  in  most  cases,  a  forerunner  of  the  different  forms  of 
retinitis,  of  detachment  of  the  retina,  tumor  of  the  retina  or  cho- 
roid, exposure  to  bright  hghl,  or  traumatism. 

Retinal  Hemorrhages  appear  either  as  an  accompaniment 
or  independently  of  retinitis,  and  are  the  result  of  injuries,  opera* 
tions,  ocular  inflammation,  cardiac  and  vascular  changes,  anemia, 
diabetes,  nephritis,  syphilis,  purpura,  and  intestinal  parasites* 
True  apoplexy  of  the  retina  is  seen  in  elderly  persons  with  cal- 
careous degeneration  of  the  \'essel  v^^alls,  in  women  at  the 
climacteric  period,  in  those  suffering  from  menstrual  disorders, 
and  in  new- bom  infants*  The  extravasation  may  be  small  and 
confined  to  the  retina,  or  sufficiently  large  to  fill  the  vitreous 
chamber.  Rupture  of  a  ^^essel  near  the  macula  or  invasion  by 
the  blood  of  a  large  portion  of  the  retina  seriously  cripples  vision, 
but  a  small  extravasation  to  the  nasal  side  of  the  nerve  or  else- 
where in  the  periphery  may  be  unnoticed.  Hemorrhage  into  the 
nerve-fiber  layer  of  the  retina  is  flame-shaped;  in  the  deeper  layers, 
round  or  o^^aL  A  fresh  hemorrhage  appears  as  a  dark- red  blotch 
in  the  retina.  Small  hemorrhages  are  rapidly  absorbed,  and  in  a 
few  days  after  the  first  obseiTation  the  characteristic  color  of  the 
blood  has  entirely  disappeared,  leaving  a  whitish  patch  sur* 
rounded  by  pigment,  or  a  mass  of  pigment  marks  the  site  of 
the  hemorrhage. 

Restoration  of  vision  depends  upon  the  size  and  situation  of 
the  apoplexy  and  the  degree  of  destruction  of  the  retinal  elements- 
Complete  renewal  of  acti\^ity  of  the  rods  and  cones  is  never  re- 
gained. 

The  distinction  between  hemorrhage  into  the  retina  and  retinitis 
with  hemorrhages  cannot  be  closely  drawn,  although  iheir  difTer- 
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ences  in  some  cases  are  sufficient  for  clinical  diflferentialion. 
Apoplexy  is,  as  already  stated,  an  extravasation  into  the  retina 
without  evident  preceding  inflammation.  The  blood  compresses 
and  destroys  the  cells  of  the  retina,  and  induces  inflammation 
in  the  immediate  neighborhood  of  the  extravasation  (hemorrhagic 
retinitis).  Most  forms  of  retinitis,  irrespective  of  their  cause,  are 
attended  with  effusion  of  blood  either  from  diapedesis  or  rupture 
of  the  vessel  wall  (retinitis  with  hemorrhages). 

In  the  latter  form  the  ophthalmoscope  shows  numerous  small 
extravasations  located  near  the  posterior  pole,  edema  and  swelling 
of  the  nerve-head  and  veiling  of  its  boundary,  venous  dilatation 
and  arterial  contraction,  patches  of  degeneration,  and  pigment 
changes. 

Prognosis. — Hemorrhage  into  the  retina  is  a  grave  affection. 
It  is  a  forerunner  of  cerebral  apoplexy  in  individuals  of  advanced 
years,  or  is  a  symptom  of  brain  tumor,  heart  or  kidney  disease, 
and  of  diabetes  and  blood  affections.  Its  presence  should  lead 
to  a  thorough  investigation  of  the  vascular  system  and  the  ab- 
dominal organs. 

Treatment. — Little  benefit  is  to  be  derived  from  any  form 
of  treatment  directed  toward  stimulating  absorption  of  the  blood 
or  the  renewal  of  the  activity  of  the  rods  and  cones.  The  absorp- 
tion is  probably  as  rapid  without  as  with  treatment.  It  is  possible 
that  the  application  of  leeches  to  the  temple  or  general  blood- 
letting may  prevent  recurrences.  The  causative  disease  should 
be  the  object  of  the  therapeutics. 

Embolus  of  the  Central  Vessels  of  the  Retina. — ^The  central 
artery  of  the  retina  or  one  of  its  branches  may  become  completely 
or  partially  occluded  by  a  minute  embolus.  The  foreign  material 
interrupts  the  current  of  blood  and  deprives  the  distal  portion  of 
the  retina  of  its  supply.  Should  the  clot  occupy  the  entire  caliber 
of  the  central  artery,  total  and  sudden  blindness  follows;  should 
it  be  small  enough  to  pass  through  the  central  arter}'  and  reach 
a  retinal  branch,  the  blindness  will  correspond  to  the  field  sup- 
plied by  the  affected  vessel;  or  should  the  clot  only  partly  fill 
the  lumen  of  the  vessel,  loss  of  vision  is  at  first  partial  but  rapidly 
becomes  complete.     The  affection  is  monocular. 
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Predisposing  Causes.^^The  origin  of  embolus  can  be  traced 
in  the  majority  of  instances  to  endocarditis,  although  it  is  found 
in  nephritis,  endarteritis,  rheumatism  and  diabetes,  and  in  syph- 
ilitic and  atheromatous  degeneration  of  the  arteries. 

Ophthalmoscopic  Appearances* — In  complete  occlusion  the 
arteries  are  reduced  to  white  lines,  the  veins  are  dilated,  the  papiUa 
pale,  and  the  retina  edematous  and  often  infiltrated  with  small 
hemorrhages*  Coincident  with  the  edema  a  blood-red  cherr)^ 
spot  appears  in  the  foveas  resembling  a  small  round  hemorrhage. 
Continuation  of  the  ischemia  leads  to  atrophy  of  the  intraocular 
end  of  the  nerve.  The  ophthalmoscopic  appearances  of  embolus 
of  the  central  arter)^  are  modified  in  those  cases  in  which  a  part 
of  the  retina  is  supplied  by  a  cilioretinal  vesseL  The  distal  ex- 
tremity of  the  artery^  is  reduced  to  a  white  line,  while  the  proximal 
extremity  is  dilated,  and  the  corresponding  part  of  the  retina  be* 
comes  edematous.  Other  portions  of  the  eye  retain  their  normal 
appearance. 

Symptoms* — In  complete  obstruction  of  the  central  artery  the 
loss  of  vision  is  immediate,  entire,  and  permanent,  except  when  a 
part  of  the  retina  regains  its  function  through  an  anastomosis  with 
the  choroidal  vessels.  In  these  fortunate  exceptions  central  vision 
may  be  retained,  but  the  field  is  concentrically  contracted*  Oc- 
casionally the  clot  breaks  up  and  is  conveyed  to  a  smaller  branch 
or  partly  absorbed,  with  partial  recovery  of  \ision. 

Diagnosis-^Sudden  monocular  blindness,  the  cherr\^-rcd  spot 
at  the  fovea,  the  diffused  retinal  edema,  and  absence  of  pain  and 
intlammation  point  unmistakably  to  the  nature  of  the  affection* 

Treatment. — Massage  by  gentle  manipulation  through  the 
closed  lids  may  break  up  or  dislodge  the  embolus,  but  such  a 
fortunate  outcome  is  rare.  Barkau  rcfjorts  complete  recovery 
of  vision  after  forcibly  pressing  the  ball  back  into  the  orbit,  holding 
it  thirty  seconds,  and  then  suddenly  relaxing  the  pressure. 

Thrombosis  of  the  central  vein  is  recognized  by  an  unusual 
degree  of  dilatation  and  tortuosity  of  all  the  veins,  contraction  of 
the  arteries  to  narrow^  white  lines,  numerous  hemorrhages,  and 
intense  papillitis.  In  time  the  venous  hyperemia  lessens,  but  the 
arterial  circulation  remains  insufficient  for  the  nourishment  of 
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Causes. — A  growth,  an  extensive  exudation,  or  a  cysiicercus 
cyst  by  which  the  retina  is  elevated  from  its  normal  position,  or  a 
distention  and  thinning  of  the  sclerotic  coat  near  the  posterior  pole, 
will  lead  to  detachment.  It  is  evident,  therefore,  that  detachment 
of  the  retina  is  the  result  in  many  cases  of  mechanical  aJteration  in 
the  coats  or  of  the  contents  of  the  balL  It  is  most  frequently  found 
in  high  myopia,  in  which  gradual  distention  of  the  sclera  and  shrink- 
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^jg  of  the  vitreous  are  active  causes,  or  may  follow  a  blow  on  the 
eye  or  sudden  shock  from  a  misstep  or  falL  The  separation  may 
involve  any  part  of  the  retina,  but  is  usually  found  in  its  lower  half. 
Between  the  retina  and  the  choroid  is  a  clear,  albuminous  fluid, 
probably  derived  from  the  choroidal  vessels,  and  in  rupture  of  the 
retina  the  subretinal  fluid  is  partly  composed  of  vitreous  humor* 
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The  ophthalmoscopic  picture  is  characteristic  and  practically 
the  same  whatever  may  be  the  cause  of  the  detachment.  The 
detached  retina,  best  studied  by  a  strong  convex  glass,  is  opaque 
and  reflects  various  shades  of  green,  and  the  retinal  vessels  appear 
as  dark  lines,  having  lost  their  normal  white  central  reflex.  The 
undetachcd  retina  is  seen  by  the  glass  which  represents  the  re- 
fractive condition  of  the  eye. 

Symptoms. — ^A  small  detachment  in  the  periphery  affects 
vision  so  little  that  it  may  remain  long  unsuspected  by  the  patient. 
The  defect  in  the  field  corresponds  to  the  affected  retina.  In  total 
detachment  vision  is  reduced  to  the  perception  of  light.  Partial 
detachments  should  be  repeatedly  studied  with  the  perimeter,  in 
order  to  detect  encroachments  of  the  defect  upon  the  seeing  field. 

Treatment. — Rest  in  bed,  pressure  bandage,  and  pilocarpin 
sweats  are  the  most  reliable  therapeutic  measures,  or  they  may  be 
preceded  by  expression  of  the  subretinal  fluid  through  a  scleral 
puncture.  Treatment  by  subconjunctival  injections  of  20  minims 
of  physiologic  salt  solution  at  inter\'als  of  several  days,  followed 
by  scleral  puncture,  is  recommended.  Many  operations  for  the 
cure  of  detachment  of  the  retina  have  been  devised  and  practised, 
and,  while  exceptionally  vision  may  be  recovered,  the  great  major- 
ity of  cases  is  not  improved.  Electrolysis,  urged  by  Terson,  pre- 
sents no  points  of  superiority  over  other  methods.  The  simplest 
and  most  effective  operation  is  to  puncture  the  sclera  opposite 
the  most  dependent  portion  of  the  detachment,  and  in  the  with- 
drawal of  the  knife  make  a  triangular  opening,  so  that  the  sub- 
retinal  fluid  may  be  forced  out  by  pressure  upon  the  ball  opposite 
the  wound. 

In  detachment  the  result  of  mechanical  causes,  such  as  stretch- 
ing of  the  sclera  in  high  myopia,  choroidal  tumor,  or  the  pathologic 
shrinking  of  the  vitreous,  it  is  idle  to  expect  amelioration  by  any 
treatment. 

Retinitis  Pigmentosa  (Pigmentary  Degeneration  0}  the  Retina) 
is  characterized  by  extremely  gradual  infiltration  of  pigment  cells 
through  the  layers  of  the  retina  and  degeneration  of  the  nerve  cells 
and  fibers  of  both  the  retina  and  the  optic  ner\'e. 

A  typical  case  is  not  likely  to  be  confounded  with  any  other 
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disease  of  the  retina  or  choroid.     The  pigment  cells  are  collected 

into  masses,  resembling  bone  corpuscles,  which  vary  in  si^e  and 
shape,  trianguhir  or  branching,  and  are  deposited  mainly  along 
the  blood-vessels.  Appearing  first  near  the  equator,  they  multiply 
and  extend  toward  the  fjosterior  pole,  invading  finally  the  region 
of  the  macula  and  the  optic  nerve.  The  arteries  slowly  diminish 
in  number  and  caliber  and  their  sides  are  marked  bv  lines  of 


thickening  of  the  vessel  coats^  as  in  other  forms  of  atrophy;  the 
veins  undergo  similar  changes  late  in  the  affection;  the  normal 
constituent  elements  of  the  retina  degenerate  and  lose  their  dis* 
tinctive  features,  until  finally  the  retina  consists  of  hj-pertrophied 
connective  tissue  and  pigment  cells;  and  the  papilla  slowly  attains 
the  whiteness  of  complete  atrophy.  Retinitis  pigmentosa  is 
primarily  a  disease  of  the  retina  and  secondarily  of  the  nerve,  the 
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choroid  not  participating  in  the  morbid  process.  The  media 
remain  clear,  and  the  other  coats  of  the  ball  are  not  involved. 
A  rare  form  of  the  disease  is  slow  degeneration  of  the  retina  and 
optic  nerve  without  infiltration  of  pigment. 

Etiology. — Pigment  degeneration  is  inherited  in  33  per  cent, 
of  the  cases,  of  which  70  per  cent,  appear  in  males  (Gould).  It  is 
also  probably  congenital  and  usually  complicated  with  other  con- 
genital defects  of  the  senses,  such  as  deaf-mutism,  and  with  an- 
terior and  posterior  polar  cataract.  The  hyaloid  artery  is  some- 
times preserved.  About  25  per  cent,  of  the  patients  are  oflfspring 
of  consanguineous  marriages. 

Symptoms. — The  earliest  symptom  is  night-blindness.*  The 
patient  experiences  difficulty  in  walking  alone  in  diminished  light. 
This  symptom  is  the  consequence  of  the  anesthesia  of  the  retina 
induced  by  destruction  of  its  ner\'e  elements  and  infiltration  of 
pigment.  Central  vision  remains  moderately  acute  for  many 
years,  but  the  field  is  concentrically  contracted.  A  ring  scotoma 
is  often  present  at  some  distance  from  the  fixation  point  early 
in  the  affection.  Horizontal  nystagmus  is  a  common  complication 
in  congenital  cases.  The  process  of  the  disease  is  so  slow  that 
patients  often  die  of  intercurrent  disease  before  the  \ision  is  totally 
lost.  They  suffer  no  pain  or  other  discomfort,  save  the  night- 
blindness  and  the  gradual  loss  of  sight. 

Treatment. — No  known  remedy  will  stay  the  progress  of  the 
disease  or  restore  vision  already  lost.  Str}xhnin  and  galvanism 
have  been  advocated.  Ner\'c  tonics,  good  diet,  and  life  in  \he 
open  air  may  be  beneficial. 

Syphilitic  Retinitis. — The  acute  manifestation  of  tertiarj' 
syphilis  in  the  retina,  without  complication  of  choroiditis  at  some 
stage  of  the  disease,  is  rare. 

Ophthalmoscopic  Appearances. — ^The  retina  near  the  macula 
and  surrounding  the  optic  nerve  is  infiltrated  by  serous  inflam- 
matory material,  the  vessels  are  tortuous  and  partly  concealed  by 
exudation,  the  retina  is  swollen  and  edematous,  assuming  its 


*  Gould  thinks  the  word  "hemeralopia,"  literally  day-vision,  or  night-blind- 
ness, should  be  abolished  from  medical  literature.  It  is  used  indefinitely  to  express 
day-blindness,  night-blindness,  amblyopia,  and  photophobia. 
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normal  appearances  toward  the  periphery,  and  isolated  patches 
of  retinitis  appear  at  some  distance  from  the  papilla.  The  swell- 
ing of  the  patches  reaches  a  millimeter  or  more  in  height,  is  not 
clearly  circumscribed,  and  is  white  in  color  and  free  from  blood- 
vessels- The  arteries  are  accompanied  by  white  Unes  showing 
sclerosis  of  the  walk  and  diminished  caliber*  The  posterior  part 
of  the  \-itreous  is  infiltrated  with  a  fine  dust-like  opacity,  charac- 
teristic of  5>T>hilitic  retinitis  in  its  early  stages-  The  particles  of 
opacity  are  separate  and  distinct  from  one  another,  and  are  not 
formed  into  a  membrane  until  lale  in  the  progress  of  the 
disease*  Hemorrhages  or  collections  of  choroidal  pigment 
appear  only  after  absorption  of  the  edema  and  partial  de- 
struction of  the  retina. 

Pathology. — Syphilitic  retino-cboroiditis  is  in  some  cases 
primary  mflammation  of  the  choroid;  in  others,  of  the  retina. 
Eventually  both  membranes  become  atrophied  and  degeneratecL 
The  earliest  pathologic  changes  are  vascular,  and  consist  in  a  pro- 
liferation of  the  endothehum,  infiltration  of  the  walls,  and  sclerosis 
of  the  vessels*  Subsequently  the  celb  of  the  pigmentar}'  layer 
filtrate  through  the  retina,  assuming  different  sizes  and  shapes, 
and  are  aggregated  along  the  course  of  the  vessels^  as  in  retinitis 
pigmentosa.  Intermingled  with  them  are  whitish  patches  from 
which  pigment  has  been  absorbed*  In  places  the  two  membrani^ 
are  united  by  cicatrices. 

Prognosis. — The  destructive  process  in  the  retinal  and  cho- 
roidal elements  is  favorably  influenced  by  the  early  recognition  of 
the  character  of  the  affection  and  by  prompt  treatment.  Relapses 
are  frequent  and  yield  slowly  to  treatment*  Permanent  impair- 
ment of  vision  is  to  be  expected  in  all  cases. 

Symptoms.— Central  vision  is  diminished  by  the  vitreous 
opacities  and  retinal  edema,  and  may  be  reduced  to  the  perception 
of  light  or  the  power  of  counting  fingers  at  a  few  feet*  The  6eld 
is  contracted  with  central  and  occasionally  peripheral  scotomata. 
Photopsia  and  metamorphopsia  are  common,  both  indicating  the 
irritation  and  disturbance  of  function  of  the  retinal  cells*  There 
is  no  pain  even  when  iritis  is  present,  since  the  latter  is  always  mild 
in  character  and  insidious,  and  may  not  be  recogmzed  until  after 
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the  formation  of  synechiae.  There  is  no  photophobia  and  but 
moderate  lacrimation. 

Treatment. — Energetic  anti-syphilitic  treatment  is  indicated. 
Mercurial  inunctions  pushed  to  mild  ptyalism,  iodid  of  potassium 
in  increasing  doses,  hot  baths  with  pilocarpin  sweating,  and 
blistering  or  leeching  the  temple  tend  to  shorten  the  disease  and 
prevent  relapses. 

Albuminuric  Retinitis. — In  about  10  per  cent,  of  individuals 
suflfering  from  chronic  nephritis,  pathologic  processes,  the  con- 
sequences of  the  nephritis,  arise  in  the  retina  and  optic  nerve 
months  or  years  after  the  inception  of  the  kidney  disease.  These 
changes  are  rare  in  acute  nephritis.  Transient  cerebral  edema  and 
increased  vascular  tension,  dependent  upon  uremia,  are  found  in 
the  late  stages  of  nephritis  and  in  the  nephritis  of  pregnancy. 
Loss  of  vision,  usually  complete,  develops  suddenly,  and  is  in- 
dependent of  retinal  and  optic  nerve  changes. 

Inflammation  of  the  retina  and  optic  nerve  is  a  consequence  of 
the  disturbed  function  of  the  kidney,  retention  in  the  blood  of 
elements  which  should  be  excreted,  the  pernicious  action  of  the 
uremic  poison  upon  the  central  nervous  system,  and  impaired 
ner\'e  action  from  deficient  nutrition. 

Ophthalmoscopic  Appearances. — The  fundus  changes  in 
albuminuria  are  characteristic,  but  similar  changes  accompany 
affections  which  are  attended  with  extensive  edema  of  the  retina 
and  optic  nerve.  The  fundus  changes  are  subject  to  modifications 
during  the  course  of  the  disease.  In  the  early  stages  the  retina  is 
hyperemic  and  edematous,  the  edges  of  the  nerve  blurred,  and  a 
few  small  hemorrhages  are  scattered  in  the  retina.  The  charac- 
teristic changes  in  the  foveal  region  consist  of  small,  round  or 
oblong,  glistening  white  dots  and  streaks  collected  about  the  yellow 
spot  and  slowly  increasing  in  size  until  they  form  a  star-shaped 
figure.  The  tortuosity  of  the  vessels,  particularly  the  veins,  the 
swelling  of  the  nerve  head,  and  the  isolated  hemorrhages  are 
greatly  augmented  with  the  appearance  of  the  macular  changes. 
Irregularly  shaped  white  patches,  marking  localized  degeneration 
of  the  retinal  cells  and  areas  of  old  extravasation,  appear — at  first 
isolated,  but  later  confluent.  Hemorrhages,  varying  greatly  in 
24 
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number  and  in  quantity  of  blood  effused,  from  fine  red  points  to, 
extensive  flame- shaped  extravasations,  are  found  in  great  numberal 
in  the  neighborhood  of  the  papilla*  (See  Fig*  237,)  The  white 
streaks^  which  together  constitute  the  star- shaped  figure,  have 
been  found  microscopically  to  consist  of  hypertrophy^  swelling, 
and  fatty  degeneration  of  the  nerve-fibers  as  they  approached  the 
fovea*     The  yellow  spot  itself  is  exempt  from  marked  changes. 

The  retinitis  gradually  passes  into  atrophy  of  the  retina.  The 
patient,  however,  usually  succumbs  to  the  nephritis  before  the 
stage  of  atrophy  is  completed.  The  optic  neuritis  may  be  mod- 
erate in  degree  or  reach  the  grade  of  swelling  indicative  of  intra- 
cranial tumor. 

The  disease  is  binocular,  but  does  not  present  exactly  similar 
appearances  in  the  two  eyes.  Monocular  albuminuric  retinitis 
has  been  reported. 

Diagnosis. ^ — The  diseases  with  w^hich  albuminuric  retinitis 
may  be  confounded  are  intracranial  tumor,  diabetes,  and  some 
forms  of  anemia*  The  ophthalmoscopic  picture  of  retinitis  of 
nephritis,  consisting  of  papillitis,  hemorrhages,  snow-white 
patches,  and  the  radiating  figure  surrounding  the  macula,  asso- 
ciated with  the  presence  of  albumin  and  casts  in  the  urine,  is 
characteristic,  A  similar  radiating  macular  figure  may  accompany 
the  papillitis  of  brain  tumor,  (See  Fig*  236.)  The  disease  is  one 
of  adult  life,  and  is  more  common  among  women. 

All  cases  of  albuminuric  retinitis  are  not  typical.  The  atypical 
appearances  are — ^hemorrhages  and  edema  without  the  macular 
figure,  hemorrhages  alone,  marked  fiber  hypertrophy  without] 
hemorrhages,  or  extra-foveal  position  of  the  star-shaped  figure- 
The  nephritis  in  these  exceptional  cases  follows  the  usual  course- 
Symptoms. — In  the  earliest  stages,  photophobia,  melamor- 
phopsia,  asthenopia,  and  inability  to  sustain  prolonged  near- work 
are  common.  The  principal  complaint  is  of  indistinct  vision, 
due  to  the  hemorrhages,  edcmaj  and  the  fo\'eal  changes. 

Prognosis. — The  average  duration  of  human  life  after  well- 
developed  retinitis  albuminuria  is  about  eighteen  months  in 
hospital  patients,  but  in  private  practice  life  may  be  considerably 
prolonged  by  dietary^  and  hygienic  obscr\ances.     The  prognosis 
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of  the  retinitis  of  pregnancy  and  of  acute  nephritis,  particularly 
in  young  persons,  is  not  unfavorable.  The  artificial  termination 
of  the  period  of  gestation  will  be  followed  by  subsidence  of  the 
symptoms  and  recovery  of  vision,  providing  actual  degenerative 
changes  have  not  taken  place  in  the  retina.  In  this  form  of 
retinitis  changes  are  usually  of  the  serous  rather  than  of  the  exu- 
dative type. 

Treatment  is  that  of  the  nephritis;  remedies  applied  to  the 
eye  have  no  value  in  modifying  the  retinitis. 

Retinitis  from  Diabetes. — ^The  fundus  changes  resemble  the 
neuro-retinitis  of  nephritis,  although  the  star-shaped  figure  is 
usually  not  present.  White  patches  of  degeneration  surround  the 
fovea,  but  are  not  limited  to  this  region.  Hemorrhages  are  com- 
mon, the  optic  nerve  is  moderately  swollen,  the  arteries  are  con- 
tracted, and  the  veins  dilated  and  tortuous.  The  spots  of  de- 
generation are  smaller,  more  isolated,  anid  the  optic  nerve  swelling 
of  more  moderate  degree  than  in  albuminuric  retinitis.  Inflam- 
mation of  the  retina  is  a  less  frequent  complication  than  iritis, 
cataract,  or  opacities  of  the  vitreous. 

Retinitis  from  Anemia. — In  leucocythemia,  retinitis  with 
hemorrhages  is  frequent.  The  fundus  changes  consist  of  pale 
and  apparently  contracted  arteries,  dilated  and  tortuous  veins, 
hemorrhages,  edema  of  the  retina,  slight  optic  neuritis,  and  a 
few  white  patches  of  exudation  with  edges  colored  from  extravasa- 
tion of  the  red  blood-corpuscles. 

Retinitis  from  Exposure  to  Bright  Light. — The  direct  rays 
of  the  sun  or  their  reflection,  a  flash  of  lightning,  or  the  glare  of 
molten  material  induces  inflammation  of  the  retina  limited  to  the 
foveal  region.  The  inflammation  is  acute,  attended  with  circum- 
scribed exudation  and  edema  into  the  retina  and  choroid.  The 
symptoms  arc  a  central  scotoma  and  distortion  of  small  objects. 
Rest  in  bed,  protection  of  the  eyes  from  light,  and  pilocarpin 
sweats  are  indicated.  The  prognosis  is  not  unfavorable  provided 
treatment  is  instituted  early. 

Snow-blindness  is  the  temporary  loss  of  vision  from  exposure 
to  the  glare  of  the  sun  reflected  from  large  fields  of  snow  or  ice. 
It  is  not  infrequent  among  sailors  on  polar  expeditions.    There 
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is  h}'peremia  of  the  conjimctiva,  chemosis,  ecchymosis,  photo- 
phobia, blepharospasnij  and  myosis.  The  retina  is  hyperemic, 
and  the  field  of  vision  contracted  by  peripheral  or  central  defects* 
Relief  is  afforded  by  the  use  of  smoked  glasses*  Burnett  says 
the  affection  is  a  true  sunburn  of  the  conjunctiva,  and  is  not, 
as  has  been  supposed,  a  retinal  disease*  Moon-blindness  is  a  term 
given  to  the  rare  cases  of  transient  blindness  due  to  exposure  to 
the  moon's  rays  during  sleep* 

Retinitis  Proliferans  is  characterized  by  the  formation  in 
the  vitreous  and  between  the  vitreous  and  the  retina  of  dense 
white  connective- tissue  membranes  which  have  their  origin  prob- 
ably in  old  retinal  hemorrhages.  The  membrane  is  vascular  in 
outline  and  extent^  and  of  extremely  slow  growth.  It  is  said  that 
long'Continued  vitreous  opacities  may  give  rise  eventually  to  this 
form  of  retinitis. 

Parenchymatous  Retinitis  is  the  late  stage  of  chronic  forms 
of  retinitis.  The  retinal  elements  are  compressed^  distorted,  and 
degenerated  by  growth  of  the  connective-tissue  stroma.  While  the 
disease  primarily  is  localized  in  the  retina,  the  choroid  becomes 
secondarily  involved  by  atrophy  of  its  pigment  coats  and  occlusion 
of  its  vessels*  In  addition  to  the  destruction  of  the  retina,  its 
layers  are  the  seat  of  yellowish- white  patches  of  exudation  situated 
near  the  fovea* 

Purulent  Retinitis  (Purulenl  Reiina-choraidiiis). — The  affec- 
tion is  acute  and  violent,  and  involves  the  choroid,  the  retina, 
and  the  posterior  portion  of  the  vitreous,  and,  later,  perhaps  all 
the  ocular  tissues.  The  purulent  infiltration  of  the  retina  is  asso- 
ciated with  numerous  hemorrhages  and  exudative  patches  and 
purulent  hyalitis.  Pigment  changes  and  hemorrhages  are  evidences 
of  the  retinal  participation  in  the  morbid  process.  The  affection 
is  due  to  pyemia  and  puerpera,  or  to  the  retention  in  the  eye  of 
septic  foreign  bodies*  The  blood-vessels  of  the  choroid  and 
retina  are  in  part  occluded  by  emboli  and  by  collections  of  bacteria 
and  bacterial  products*  The  disease  is  rapid  in  its  course  and 
ends  in  destruction  of  the  eye. 

Ptmctate  Retinitis  is  a  disease  of  old  age,  and  is  associated 
with  atheromatous  vessel  walls*    The  retina  in  the  neighborhood 
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of  the  macula  is  the  seat  of  numerous  fine  yellowish- white  isolated 
patches  or  points  of  exudation  or  of  fatty  degeneration.  They 
cause  diminution  of  the  acuity  of  vision,  and  may  progress  until 
central  scotoma  becomes  evident. 

Frost,  in  his  "Fundus  Oculi,"  classifies  the  punctate  changes 
in  the  fundus  as  follows: 

(i)  Gunn^s  dots,  minute,  pale  yellowish  dots  occurring  in  groups  in 
the  macular  region  chiefly  in  young  persons.  (2)  Metallic  dots,  minute 
isolated  points  in  any  part  of  the  fundus  conspicuous  for  their  bright- 
ness. (3)  Neuritic  dotSy  irregular  in  shape,  of  chalky  whiteness,  in  the 
foveal  region  and  between  this  and  the  disk,  associated  with  signs  of 
neuroretinitis.  (4)  Isolated  dots,  few  in  number,  white  in  color,  found 
in  old  persons,  and  probably  due  to  excrescences  on  the  lamina  vitrea 
of  the  choroid.  (5)  NetUeship^s  dots,  numerous,  minute,  dead  white, 
round,  uniformly  scattered  between  the  macula  and  periphery,  asso- 
ciated with  pigment  changes  at  the  periphery,  and  with  night-blindness 
occurring  in  several  members  of  the  same  family  (probably  similar  to 
the  retinitis  punctata  albescens  of  Mooren).  (6)  Tay^s  choroiditis , 
consisting  of  round,  pale,  yellow  spots,  about  the  diameter  of  the  primary 
retinal  arteries,  chiefly  in  the  central  region  of  the  fundus,  and  believed 
to  be  due  to  colloid  disease  of  the  choroid.  (7)  Dots  resembling  Toy's 
choroiditis,  occasionally  met  with  in  the  eyes  of  younger  persons,  very 
numerous  and  not  limited  to  the  macula.  They  undergo  no  appre- 
ciable change  in  years,  and  are  not  associated  with  impairment  of  vision, 
although  there  is  occasionally  a  slight  degree  of  night-blindness  and 
contraction  of  the  visual  field. 

Retinitis  Circinata. — ^A  collection  of  slightly  elevated,  white, 
round  or  oval  patches,  containing  a  few  pigment  points,  forms 
a  semilunar  area  extending  from  the  papilla  to  the  region  above 
and  below  the  fovea.  The  two  extremities  may  unite  and  make 
a  complete  ellipse.  Diflference  of  opinion  exists  concerning  the 
pathology.  Fuchs  considers  that  the  retina  in  the  aflFected  region 
undergoes  a  fibrous  degeneration,  while  de  Wecker  and  Amman 
think  that  the  changes  result  from  hemorrhages.  The  disease  is 
rare.  Spontaneous  cure,  with  absorption  of  the  white  patches, 
has  been  observed. 

Perivasculitis  is  an  inflammation  of  the  external  layers  and 
of  the  fibrous  tissue  surrounding  the  blood-vessels,  and  may  exist 
as  a  separate  affection,  or,  more  conmionly,  is  one  of  the  changes 
commonly  found  in  the  various  forms  of  retinitis.    The  blood- 
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vessels  are  replaced  eventually  by  fibrous  cords,  which  appear  as, 
white  lines*   The  field  becomes  Umited  concentrically,  until  final 
in  the  stage  of  complete  optic  nerve  atrophy  the  fixation  point  is 
included  in  the  bUnd  area. 

The  vessels  of  the  retina^  both  arteries  and  veins,  are  subject 
to  other  changes  than  inflammation  of  their  walls  that  are  indic- 
ative of  general  nutritional  and  circulator)'  disturbances.  The 
most  important  are  tortuosity,  suggestive  of  retinal  h}T>eremia 
from  organic  lesions  of  the  retina  and  of  cerebral  congestion 
from  valvular  affections  of  the  heart,  menstrual  irregularities 
and  general  venous  stasis;  aneurismic  dilatations  from  weakness 
of  the  vessel  w^alls;  and  localized  venous  stasis  caused  by  the  pres- 
sure of  a  sclerosed  artery  upon  an  unresisting  vein. 

Retinal  Changes  of  Senility.— These  consist  in:  (i)  A  grad-j 
ual  loss  of  transparency  of  the  retina  and  degeneration  of  the' 
granular  and  pigment  coats.     Central  vision  declines  slowly^  and 
the  field  becomes  concentrically  limited.     (2)  Colloid  excrescences 
from  the  choroid  slowly  find  their  way  into  the  retina,  destroying 
the  retinal  elements.    They  are  found  only  in  tlie  macular  region. 
Central  acuity  of  vision  becomes  slowly  diminishedp    The  patches 
appear  yellowish  w^hite,  intermingled  with  and  partly  surroundedj 
by  pigment.     {3)  Atrophy  of  the  choroid  and  the  external  layers  oV 
the  retina  in  an  irregularly  bounded  zone  surrounding  the  papilla- 
(4)  Collections  of  cholesterin  crystals,  the  remains  of  old  hemor- 
rhages. 

Angoid  Streaks  (Riiiniiis  Striata)  are  cicatricial  changes  in. 
the  retina  from  the  disk  to  the  periphery.    They  are  w^hitish  in  the^ 
center  and  bordered  by  black  lines,  and  are  said  to  be  the  remains 
of  hemorrhages,  or  to  mark  a  previous  detachment  of  the  retina* 

Cysticercus  is  an  encysted  entozoon  that  enters  the  system 
through  the  stomach  from  the  ingestion  of  raw^  meat.  It  is  a  rare 
disease,  and  seldom  found  in  America, 

Contusion,  or  Commotio  RetiiuB,  is  the  result  of  a  blow 
upon  the  eye  or  upon  the  bones  of  the  head.  Vision  is  tempora* 
rily  seriously  affected  by  the  presence  of  a  large  irregular  ccntr 
scotoma.     (See  page  266.) 
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Retinal  Aneurisms  are  single  or  multiple,  and  are  congenital 
or  the  result  of  traumatism.  They  are  readily  recognized  by  the 
ophthalmoscope. 

Glioma  or  Gliosarcoma  of  the  Retina  is  a  malignant  growth 
originating  in  the  granular  layer  of  the  retina,  and  consists  of 
small  protoplasmic  cells  imbedded  in  a  soft  semi-fluid  substance. 
It  is  a  rare  affection,  attacking  children  only.  With  the  ophthal- 
moscope and  by  oblique  illumination  a  white  or  golden-yellow 
reflex  may  be  seen  to  proceed  from  a  roimded  and  imeven  growth, 
traversed  by  fine  vessels,  in  the  vitreous  chamber.  Glioma  is  of 
rapid  development.  In  the  course  of  a  few  weeks  it  occupies 
the  entire  scleral  cavity,  and,  after  destroying  the  cornea,  forms 
a  protuberant  mass  in  front  of  the  orbit.  If  not  checked  by 
enucleation  of  the  globe  it  involves  the  orbit  and  its  contents, 
and  passes  posteriorly  by  means  of  the  optic  nerve  into  the  skull, 
and  late  in  the  disease  the  other  eye  and  the  brain  are  invaded. 

Diagnosis. — ^The  youth  of  the  patient,  absence  -of  a  history 
of  previous  ocular  disease,  a  family  history  of  malignant  affections, 
and  the  rapidly  advancing  white  or  bright  yellow  growth  serve 
to  distinguish  it.  It  may  be  confused  with  purulent  disease  in 
the  vitreous  (pseudo- glioma).  In  the  latter  the  reflex  is  yellow, 
and  usually  unattended  with  blood-vessels,  and  there  is  a  history 
of  previous  inflammatory  disease  of  the  eye  or  of  an  acute  infectious 
fever. 

Treatment. — Immediate  enucleation,  cutting  the  optic  ner\'e  far 
back,  or,  in  case  the  tumor  is  found  to  have  infiltrated  the  orbit, 
exenteration  of  the  entire  orbital  contents  is  demanded.  It  is  apt 
to  recur  and  lead  to  a  fatal  termination.     (See  page  156.) 

Diseases  of  the  Choroid. 

Anatomy. — The  iris,  ciliary  body,  and  choroid  together  constitute 
the  uveal  tract.  The  choroid  commences  at  the  optic  foramen  and 
terminates  at  the  beginning  of  the  ciliary  body.  It  is  thickest  at  the 
posterior  pole,  where  it  measures  .16  mm.,  and  thinnest  (0.08  mm.)  at 
its  termination.  The  choroid  is  an  inelastic  vascular  and  pigmentary 
membrane,  and  forms  the  middle  tunic  of  the  posterior  two- thirds  of  the 
globe.  It  is  loosely  bound  to  the  sclera  by  blood-vessels,  nerves,  and 
lymph  canals,  and  separated  from  it  by  a  lymph  space,  the  supra- 
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choroidea.    Its  inner  surface  is  covered  by  the  lamina  vitrea,  or  base- 
ment membranei  and  the  pigmentary  coat  of  the  relina. 

The  third  and  fourth  layers  of  the  choroid  consist  of  blood  vessels 
and  pigment  held  in  place  by  the  stronia  or  elastic  connective  tissiie. 
The  inner  capillary  vessels  are  the  terminals  of  the  short  ciliary  arteries. 
Having  entered  the  ball^  they  intermingle  with  the  veins,  forming  a 
network  of  vessels.  The  vessel  waUs  more  closely  resemble  those  of 
veins  than  of  arteries.  The  larger  vessels  lie  externally.  They 
are  also  venous  in  characteXy  and  converge  toward  the  ven^e  vorticose,. 
In  the  interstices  of  the  vessels  lie  pigment  cells  in  great  abundance, 
rendering  the  choroid  impervious  to  hght. 


The  function  of  the  uveal  coat  is  twofold:  (i)  To  nourish  the 
vitreous  and  crj^stalline  lens  bodies  that  have  no  vascular  supply 
of  their  ow-n;  and  (2),  in  conjunction  w4th  the  pigmentary  coat 
of  the  rctinuj  to  prevent  the  entrance  into  the  eyes,  except  through 
the  pupil,  of  all  rays  of  Ught,  and  to  absorb  the  unused  light  that 
has  entered  the  pupiL 

Congenital  Anomalies.--Coioboma  is  a  bright,  while,  tri- 
angular  area  fomicd  by  imperfect  development  of  the  choroid, 
or  non-closure  of  the  fetal  cleft  in  its  anterior  portion.  The 
choroid  is  entirely  wanting,  but  the  whiteness  of  the  sclera  is 
broken  by  small  and  thin  collections  of  pigment,  probably  the 
few  remnants  of  the  pigmentar}^  coat  of  the  retina.  The  anterior 
layers  of  the  retina  overlying  the  defect  retain  their  normal  struc- 
ture, and  the  retinal  blood-vessels  uninterruptedly  pass  over  the 
exposed  sclera.  The  borders  of  the  coloboma  are  edged  with 
pigment,  and  the  retinal  vessels  are  abruptly  bent  as  they  descend 
into  or  rise  from  the  denuded  area, 

Colobomata  var}^  in  size  and  position,  from  a  small  circular 
or  oval  patch  in  the  macular  region  (macular  coloboma)  or  in  the 
periphery  to  a  large  triangle  with  its  base  in  the  ciliar\*  body  and 
its  apex  extending  to  or  including  the  nerve  head.  Microphthal* 
mos,  elliptic  cornea,  coloboma  of  the  iris  and  ciliary  body,  and 
cleft  palate  are  frequent  congenital  complications,  Colobomalous 
eyes  are  prone  to  inflammations  and  to  the  development  of  cataract. 
Refractive  errors,  particularly  myopia,  are  common.  In  that 
part  of  the  field  corresponding  to  the  defect,  light  sense  and  in 
some  cases  color  sense  is  preser\^ed,  but  useful  vision  is  lost* 
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Albinism  is  a  congenital  absence  of  pigment  from  all  parts 
of  the  body,  including  the  uveal  tract,  the  retina,  eyelashes,  and 
eyebrows.  The  iris  is  light  blue  in  color,  and  between  its  meshes 
and  through  the  pupil  can  be  seen  points  of  pinkish  light  reflected 
from  the  fundus.  The  choroidal  vessels,  usually  invisible,  are 
easily  followed,  and  between  them  shines  the  white  of  the  sclera. 
Albinotic  eyes  are  amblyopic,  myopic,  and  usually  nystagmic. 
A  correction  of  the  myopia,  the  lenses  groimd  of  dark-tinted  glass, 
will  materially  improve  vision  and  reduce  the  photophobia. 

HjTperemia  of  the  Choroid^  in  association  with  retinal  hyper- 
emia, is  a  symptom  of  eye-strain  or  of  continued  exposure  to  the 
light  of  the  sun,  strong  artificial  light,  or  the  glare  from  molten 
substances.  The  fundus  is  slightly  darkened,  and  the  radiations 
of  the  retinal  nerve-fibers  are  pronoimced.  The  symptoms  are 
identical  with  those  of  hyperemia  of  the  retina. 

Choroiditis. — Inflammations  of  the  choroid  are  suppurative 
or  non-suppurative.  They  begin  either  in  the  tissue  of  the  cho- 
roid, in  the  iris  and  ciliary  body,  in  the  sclera,  or  in  the  retina. 
Disease  of  the  uveal  tract  in  its  posterior  two-thirds  differs  essen- 
tially from  that  in  its  anterior  third.  The  latter  is  always  accom- 
panied by  pain,  sensitiveness,  photophobia,  injection,  and  other 
signs  of  active  inflammation,  while  in  the  former  there  is  no 
symptom  except  diminution  of  vision. 

Disseminated  Choroiditis. — ^The  fundus,  more  especially  in 
the  equator,  is  dotted  with  yellow,  white,  and  black  circumscribed 
patches,  completely  or  only  in  part  surrounded  by  pigment  rings, 
and  traversed  by  the  unchanged  retinal  vessels.  The  floor  of 
the  diseased  area  presents  a  variety  of  colors,  ranging  from  the 
white  of  the  sclera  to  the  yellow-red  of  the  choroid.  In  some 
patches  the  choroidal  vessels  are  still  preserved,  in  others  the 
choroid  is  represented  only  by  fine  pigment-cell  collections.  In  the 
late  stages  of  the  disease  the  pigment  is  most  abundant  along  the 
retinal  vessels,  and,  because  of  absorption  of  pigment  and  atrophy 
of  the  retinal  elements,  the  choroidal  vessels  are  more  evident 
and  the  optic  papilla  is  whitened.     Hemorrhages  are  rare. 

Areolar  Choroiditis. — ^The  chorioretinal  inflammation  and 
subsequent  atrophy  are  confined  to  one  or  two  large  areas,  and 
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are  distinguished  from  the  disseminated  form  only  by  their  size 
and  number.  The  origin  and  course  are  identical.  The  atrophic 
patches  are  usually  found  in  the  neighborhood  of  the  posterior 
pole  and  may  include  the  fovea. 

Etiology, — ^The  causes  of  both  forms  of  choroiditis  are  obscure- 
Myopia,  congenital  or  inherited  syphiUs,  tuberculosisj  continued 
fevers,  anri  other  general  diseases  are  etiologic  factors* 


Fig.  197. — Congenital  Atjiopbic  Choroiditis,  in  a  Patiext  Aceo  KtrrEEN 

YEAliS, 


Symptoms.— Th^  effect  on  vision  depends  entirely  upon  the 
location  and  extent  of  the  areas  of  disease*  In  fovcal  involve- 
ment, photopsia  and  metamorphopsia  accompany  the  formation 
of  central  scotoma  and  precede  rapid  dcch'ne  of  \ision.  The 
patient  complains  of  distortion  of  lines,  obliteration  of  small 
objects,  and  the  appearance  in  the  center  of  the  \isual  field  of  a 
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blurred  area.  Confinement  of  the  disease  to  the  periphery  pro- 
duces no  interference  with  the  acuity  of  the  central  vision,  but 
careful  perimetric  measurement  will  disclose  scotomata  which  are 
at  first  relative.  Vitreous  opacities  are  noticed  throughout  the 
course  of  the  disease,  and  cataract  forms  in  the  late  stages.  Exu- 
dative choroiditis,  both  the  disseminated  and  areolar  forms,  is 
usually  binocular,  and  may  be  congenital  or  develop  at  any  age. 

Pathology. — The  size  and  color  of  a  plaque  indicate  approx- 
imately the  duration  of  the  affection  at  the  point  invaded  by  the 
pathologic  changes.  In  the  earliest  stage  the  exudation  in  the 
choroid  causes  edema  of  the  overlying  retina,  which  later  is  re- 
placed by  small  yellow  elevations.  The  point-like  deposits  of 
lymphoid  cells  coalesce,  and  pigment  alterations  commence.  The 
pigment  cells  are  aggregated  in  the  diseased  patch  and  at  its  cir- 
cumference. Finally,  the  atrophic  process  sets  in,  and  the  lymph- 
oid cells,  the  pigment,  and  the  choroidal  stroma  in  its  entire  thick- 
ness become  absorbed,  and  the  sclera  exposed.  The  retina  par- 
ticipates in  the  morbid  process  from  the  beginning.  The  rods  and 
cones  lose  their  distinctive  characteristics,  and  the  granular  layers 
are  drawn  toward  the  choroid  by  the  cicatricial  contraction  of  the 
connective-tissue  elements.  The  anterior  retinal  layers  are  pre- 
ser\'ed  until  the  last,  when  both  the  optic  ner\*e  and  the  retina 
throughout  their  expansion  are  atrophic. 

Central  Retino-choroiditis. — ^The  pathologic  changes  in  in- 
flammation limited  to  the  foveal  region  are  identical  with  those 
described  under  areolar  and  disseminated  forms  of  choroiditis. 
The  stage  of  exudation  of  lymphoid  cells  into  the  choroidal  stroma, 
attended  with  distortion  and  destruction  of  the  overlying  retinal 
layers,  is  followed  by  absorption  of  the  exudation  and  atrophy  of 
the  choroidal  and  retinal  elements.  The  inflammation  attacks  the 
retinal  cells  and  the  underlying  choroidal  tissue  exactly  in  the 
foveal  region,  and  leads  to  atrophy  of  these  membranes  and  ex- 
posure of  the  sclera.  The  patch  is  circular  and  surrounded  by  a 
ring  of  pigment.  The  extra-foveal  region,  except  possibly  one 
or  two  small  patches  of  retinal  exudation  in  the  peripherj'',  re- 
mains normal  for  many  years.  Very  late  in  the  course  of  the 
disease  the  optic  nerve  and  retina  undergo  partial  atrophy. 
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Eiiology, — ^The  disease  is  etiologically  dh'ided  into  specific 
and  non-specific  retino-choroiditis.  In  the  latter  there  is  a  history 
of  chancre  or  secondary  manifestations  of  s>'phili5;  fine,  dust-like, 
and  membranous  opacities  in  the  %itreous;  a  few  scattered,  round, 
white  spots  of  exudation  into  the  retina  near  its  peripher}^;  and  the 
marks  of  old  keratitis  or  iritis.    The  non-specific  form  is  due  to 


Fig,  198. — Nofr*si*EciTtc  Chkonic  RETiKO*cfioRoii>iTis  with    Paktial  Pei* 
iPHE&AL  Atrophy  of  the  Chohoiu. 

! 

exposure  to  bright  light  or  heat,  traumatism^  serious  general  dis- 
eases,  long-coniinued  close  application  in  badly  lighted  rooms, 
bending  forw^ard  of  the  head,  constriction  of  the  neck,  and  possibly 
uncorrected  ametropia. 

Sympt&nts. — The  exudation  into  the  fovea  produces  decided 
and  immediate  lowering  of  vision  and  the  formation  of  a  central 
scotomEi  with  eccentric  fixation.    In  the  non-specific  form  the 
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two  eyes  are  seldom  attacked  at  the  same  time,  the  second  eye 
remaining  free  for  years.  The  specific  form  is  usually  binocular 
and  runs  an  acute  course* 

Course  aftd  Pragnosis, — The  changes  in  the  color  and  size  of 
the  patchj  from  invasion  of  the  neighboring  tissues  by  the  lymphoid 
cells,  the  absorption  of  the  pigment,  and  the  slow  uncovering 
of  the  sclera,  are  well  seen  by  the  ophthalmoscope-    Unless 
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Fic.  199, — Advanced  CHORomms  with  Deceneeatidn  of  the  Retina, 

favorably  modified  by  treatment  it  is  subject  to  recurrencesj  and 
attains  the  size  of  the  papilla.  Cessation  of  its  advance  is  indicated 
by  a  collection  of  pigment  around  its  circumference.  The  ad- 
v^ancing  edge  is  not  well  definedj  and  creeps  insidiously  into  the 
adjoining  healthy  tissue  until  the  morbid  process  is  again  checked* 
TrealmenL — The  most  effective  therapeutics  in  both  forms 
consist  of  the  administration  of  pilocarpin  sweats,  mercury  to  the 
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point  of  tolerance,  potassium  iodid  in  increasing  doses,  and  locally 
atropin  to  paralyze  the  accommodation,  blood-letting,  blistering 
the  skin  of  the  temples,  and  dark  glasses.  Restoration  of  lost 
tissue  is  not  to  be  expected,  although  the  rapid  absorption  of  the 
exudation  i?^ill  save  the  retinal  elements  that  would  otherwise 
certainly  be  destroyed  by  pressure  and  cicatricial  contraction* 

Senile  Central  Choroiditis. ^The  choroid  at  the  posterior 
pole  undergoes  chronic  degeneration,  so  slow  in  its  progress  that 
it  can  hardly  be  considered  as  an  inflammation.  The  stroma 
hypertrophies,  the  pigment  cells  are  dislodged,  the  retinal  tissue  is 
infiltrated  with  exudation  and  pigment,  and  the  lower  temporal 
quadrant  of  the  optic  papilla  is  atrophic*  The  ophthalmoscope 
shows  the  changes  in  color  characteristic  of  the  early  stages  of 
choroiditis*  The  affection  is  a  manifestation  of  an  alteration  in 
nutrition!  ^^^  is  frequently  associated  with  slow  loss  of  trans- 
parency of  the  lenses*  The  patients  are  the  subjects  of  early 
senility^  as  shown  by  their  sparse  and  white  hair,  wrinkled  faces, 
sclerosed  arteries,  and  other  evidences  of  physical  degeneration. 
Treatment  is  of  no  avail  to  check  or  shorten  the  morbid  process. 
Central  vision  is  seriously  deteriorated,  but  blindness  never  ensues • 

Colloid  Degeneration  of  the  choroid,  or  guttaie  choroiditis^ 
is  one  of  the  rarer  types  of  central  choroiditis-  The  foveal  region 
is  the  seat  of  a  mass  of  round,  white  and  yellow  spots,  with  an 
intermingling  of  pigment-  The  affection  is  binocular,  but  one 
eye  is  involved  to  a  greater  extent  than  the  other*  Central  vision 
is  seriously  impaired* 

Purulent  Choroiditis  {Panophthalmitis)  may  follow  opera- 
tions^ sloughing  corneal  ulcers,  purulent  iritis,  and  orbilal  phleg- 
mon, or  infection  may  be  conveyed  to  the  choroid  in  pyemia, 
puerperal  septicemia,  purulent  meningitis,  or  other  septic  processes- 
The  affection  usually  commences  with  a  chill,  followed  by  fever, 
intense  headache,  nausea,  rapid  pulse,  and  exhaustion*  The  eye 
is  extremely  painful  to  light  and  pressure,  the  lids  are  swoUen, 
the  conjunctiva  is  engorged  and  edematousi  the  cornea  bajiVi 
the  anterior  chamber  partly  filled  with  pus,  the  iris  swollen  and 
adherent  to  lens  capsule,  the  lens  opa<]ue  and  dislocated  fonvard, 
and  the  vitreous  emits  a  vellowish  reflex. 
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Treatment, — In  the  early  stages  efifort  should  be  directed 
toward  preventing  the  spread  of  the  disease  to  the  orbital  tissues, 
by  the  use  of  cold  compresses,  leeches  to  the  temple,  atropin, 
the  electric  cautery  applied  to  the  focus  of  infection,  iodoform 
rods  or  powder  introduced  into  the  vitreous  or  anterior  chamber, 
and  subconjunctival  injections  of  salt  or  bichlorid  solution,  in 
conjunction  with  potassium  iodid  and  mercury  internally.  Pain 
is  relieved  by  morphin.  If  the  hope  of  saving  the  eye  must  be 
abandoned,  incision  through  the  sclera  should  be  made,  and  the 
pus  and  other  contents  of  the  vitreous  evacuated.  Diversity  of 
opinion  exists  among  operators  as  to  the  advisability  of  enuclea- 
tion during  the  acute  stage  of  purulent  inflammation.  It  is 
claimed  that  operation  opens  the  way  for  the  transmission  of 
germs  to  the  meninges  and  the  induction  of  purulent  meningitis, 
but  enucleation  may  incur  less  risk  of  meningitis  than  the  retention 
of  the  purulent  eyeball.  So  long  as  the  purulent  process  has  not 
invaded  the  surrounding  orbital  structures,  enucleation  may  be 
regarded  as  a  safe  operation;  but  if  the  orbit  is  involved,  eviscera- 
tion should  be  performed. 

Prognosis. — ^The  disease  is  invariably  fatal  to  vision  and  to 
the  integrity  of  the  ball.  The  eye  becomes  phthisical  and 
calcareous. 

Choroiditis  of  Myopia. — The  stretching  of  the  sclera,  coin- 
cident with  the  increase  of  myopia,  commences  usually  on  the 
temporal  side  of  the  optic  ner\'c  and  advances  by  successive  stages 
toward  the  fovea  and  even  beyond  it.  The  membrane  undergoes 
a  slow  process  of  absorption,  the  vessels  disappear,  and  the  pig- 
ment coat  adheres  in  patches  to  the  sclera.  The  retina  is  thinned 
and  its  vessels  lose  their  normal  curves.  Vitreous  opacities  are 
numerous,  and  are  seen  as  strings,  blotches,  or  dots. 

In  ** malignant"  or  very  high  grades  of  myopia  the  scleral 
ectasia  completely  surrounds  the  papilla,  or  it  extends  beyond  the 
macula  in  two  or  more  sections. 

Treatment, — Extensive  posterior  staphyloma  and  choroidal 
atrophy,  call  for  careful  correction  of  the  refraction,  cessation  of 
the  near  use  of  the  eyes,  and  protection  from  light.    (See  page  75.) 

Rupture  of  the  Choroid  follows  violent  blows  upon  the  ante- 
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rior  section  of  the  globe.  The  edges  of  the  rupture  are  ragged 
and  uneven,  infiltrated  with  blood,  and  lined  by  pigment-cell 
heapings.  The  anterior  layers  of  the  retina  are  usually  intact, 
but  its  pigment  coat  is  ruptured,  and  the  sclera  can  be  seen  as 
a  white  background.  Vision  is  seriously  disturbed  only  when  the 
rupture  or  hemorrhage  occupies  the  fovcal  region.  The  wound 
heals  rapidly  but  leaves  a  permanent  scan     (See  page  271*) 

Tumors  of  the  Choroid. — Sarcoma  appears  as  a  rounded , 
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Fig*  100.'— PEiMAiiY  Sarcoma  of  the  Choboid.     Forward  displacement  of  the 
ietis  and  obliteration  of  the  anterior  chamber. 


sharply  outlined,  lobulated  growth,  projecting  forward  Into  the 
vitreous.    It  is  usually  deeply  pigmented  (meknosarcoma),  but 
pigmentation  may  be  absent  (leucosarcoma)*     It  is  an  aflectioQ 
of  adult  life,  is  monocular  and  metastatic,     Powell,  in  an  analysis  1 
of  100  cases  of  choroidal  sarcomaj  states  that  leucosarcoma  is\ 
found  mostly  in  the  anterior  portion  of  the  uveal  tract  and  mekno-j 
sarcoma  in  the  posterior.    The  former  appears  earlier  in  life. 
In  the  spindle-cell  variety  the  growth  is  slow,  many  months  inter-  j 
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vening  before  the  structures  of  the  eye,  other  than  the  choroid 
and  retina,  are  seriously  invaded.  The  only  symptom  of  which 
the  patient  complains  in  the  formative  stage  is  a  partial  loss 
of  vision,  the  degree  and  extent  of  the  scotoma  depending  on  the 
situation  and  the  size  of  the  tumor.  At  this  period  tension  is 
normal. 

The  second  stage  of  the  disease  is  marked  by  glaucomatous 
increase  in  tension,  forward  displacement  of  the  lens,  obliteration 
of  the  anterior  chamber,  posterior  synechia?,  and  opacities  of  the 
media.  For  the  first  time,  acute  neuralgic  pain  is  a  prominent 
symptom,  and  vision  becomes  entirely  abolished.  Finally,  the 
tumor  involves  other  tissues  of  the  eye,  and  may  project  through 
the  sclera  into  the  adjacent  parts  of  the  orbit. 

Diagnosis. — In  the  early  stage  the  diagnosis  is  obscure.  It 
may  be  confounded  with  simple  detachment  of  the  retina,  from 
which  it  is  distinguished  by  the  absence  of  the  waves  or  folds 
of  the  retina,  by  its  anterior  spherical  surface,  by  its  increase  in 
height,  by  the  expanding  scotoma,  by  the  underlying  dark  color 
instead  of  the  brilliant  sea-green  of  detachment,  and  by  the  new 
vessels  of  the  tumor  dimly  seen  through  the  retina.  It  may  be 
distinguished  from  glioma  by  the  age  of  the  patient  and  by  the 
pigmentation  and  slow  growth  of  the  sarcoma;  from  carcinoma, 
by  its  spherical  shape,  by  less  rapid  advance,  and  by  its  mani- 
festation as  a  primarj'  and  not  a  metastatic  tumor. 

Treatment. — Enucleation  of  the  eye  should  be  performed  as 
early  as  a  positive  diagnosis  is  made.  Efforts  directed  to  the 
absorption  of  the  growth  are  futile.  After  the  sclera  has  been 
broken  through,  exenteration  of  the  orbit  should  be  performed. 
A'-ray  therapy,  of  uncertain  value  before  enucleation,  promises 
good  results  in  secondary  malignant  growths  of  the  orbit,  and  is 
to  be  preferred  to  operation.  The  lids  are  separated  by  a  specu- 
lum, and  the  orbital  contents  subjected  directly  to  the  influence 
of  the  rays.  The  exposures  should  be  repeated  until  the  neo- 
plastic tissues  are  destroyed. 

Prognosis. — In  round-cell  sarcoma,  enucleation,  even  if  per- 
formed early,  is  followed  in  about  10  per  cent,  of  the  cases  by 
return  of  the  tumor  in  the  tissues  of  the  orbit.     In  the  spindle- 
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cell  variety  early  enucleation  gives  a  distinctly  favorable  prognosis, 
and  may  prevent  a  relapse. 

Carcinoma. — Primarj^  carcinoma  of  the  choroid  is  extremely 
rare,  and  the  majority  of  cases  of  metastatic  involvement  are 
secondary  to  primarj-  carcinoma  of  the  breast.  The  disease  de- 
velops as  a  scale-like,  nearly  flat,  tumor,  with  sharply  defined 
borders,  along  the  distribution  of  the  posterior  ciliary  arteries.  It 
grows  rapidly,  and  is  relatively  often  found  simultaneously  in  both 
eyes.  Prompt  enucleation  will  relieve  the  pain  and  perhaps 
lengthen  life.     The  prognosis  is  unfavorable. 

Separation  of  the  Choroid. — It  is  probable  that  detachment 
of  the  choroid  is  more  often  the  result  of  accidents  and  injuries 
to  the  ball  than  is  supposed.  The  detached  overlying  retina 
conceals  the  true  condition  of  the  choroid.  The  affection  is 
attended  with  large  round  hemorrhages,  edema  of  the  retina, 
vitreous  opacities,  and  scotoma.  If  complete,  the  usefulness  of 
the  eye  is  permanently  destroyed. 

Tuberculosis  of  the  Choroid. — In  the  layer  of  fine  vessels, 
numerous  small  foci  of  inflammation  appear  as  pale  yellow  cir- 
cumscribed patches,  closely  resembling  disseminated  choroiditis, 
but  arc  differentiated  by  the  absence  of  a  pigment  ring.  Tubercle 
bacilli  are  sometimes  to  be  demonstrated  post-mortem.  Tubercle 
of  the  choroid  is  more  frequently  a  complication  of  miliary  tubercu- 
losis than  of  other  forms. 

Tuberculosis  occasionally  assumes  the  form  of  a  tumor  of 
the  choroid,  exhibiting  large,  irregular,  gray  masses,  and  situated 
near  the  posterior  pole. 


CHAPTER  XV. 

DISEASES  OF  THE  OPTIC  NERVE. 

Anatomy. — The  optic  nerve,  arising  from  the  chiasm,  and  covered 
by  prolongations  of  the  membranes  of  the  brain  which  form  its  sheaths, 
passes  into  the  orbit  through  the  optic  foramen,  runs  through  the  im- 
perfect funnel  formed  by  the  ocular  muscles,  and  perforates  the  sclera 
at  the  foramen  sclera.  Between  the  arachnoid  and  dura  is  the  subdural 
space,  and  between  the  arachnoid  and  pia  mater  is  the  subarachnoid 
space,  both  of  which  are  continuous  with  similar  spaces  of  the  brain  and 
are  filled  with  the  cerebrospinal  fluid.  The  average  length  of  the  nerve 
in  the  orbit  is  25  nmi.  It  is  curved  to  permit  movements  of  the  eyeball 
without  interference  with  the  blood-current  in  the  nerve. 

The  ophthalmic  artery  and  vein  pass  into  the  center  of  the  nerve 
obliquely,  about  18  mm.  posterior  to  the  foramen  sclera.  They  are 
continued  forward  in  the  axis  of  the  nerve,  passing  through  the  poms 
opticus  to  be  distributed  in  the  fiber  layer  of  the  retina. 

The  optic  papilla^  the  intraocular  terminus  of  the  optic  ner\'e,  con- 
sists of  the  axis-cylinders,  the  white  substance  of  Schwann  surrounding 
the  cylinders  having  been  stripped  off  at  the  poms  opticus.  Numerous 
small  vessels  given  off  by  the  central  artery  and  vein  of  the  retina  ramify 
in  the  substance  of  the  papilla.  In  its  center  is  usually  found  an  exca- 
vation, at  the  bottom  of  which  the  lamina  cribrosa,  a  network  of  fibrous 
tissue  supporting  the  nerve-fibers,  can  be  readily  seen  traversed  by  the 
vessels.  Within  physiologic  limits  the  nerve  head  presents  numerous  vari- 
ations. (See  page  58.)  The  deep  origin  of  the  optic  nerve  has  been  traced 
to  the  external  corpora  geniculata,  the  optic  thalamus,  and  the  corpora 
quadrigemina.  From  these  deep  origins  sensations  of  light  and  form 
are  conveyed  to  the  visual  areas  in  the  occipital  region  of  the  cerebmm. 
The  collected  bundles  of  fibers  from  the  different  centers  come  together 
at  the  floor  of  the  third  ventricle  to  form  the  optic  tracts;  here  they  pass 
out  in  flattened  bundles  under  the  crura,  and  unite  just  anterior  to  the 
tuber  cinereura  to  form  the  optic  chiasm,  which  is  lodged  in  the  optic 
groove  of  the  middle  fossa  of  the  brain. 

Optic  Chiasm. — The  optic  chiasm  consists  of  the  junction  of  the 
two  optic  tracts  and  the  commencement  of  the  two  optic  ner\'es.  The 
nerve-fibers  from  each  optic  nerve  supply  the  corresponding  half  of  each 
retina,  those  from  the  right  optic  tract  the  temporal  half  of  the  right 
retina  and  the  nasal  half  of  the  left  retina,  and  those  from  the  left  optic 
tract  the  temporal  half  of  the  left  retina  and  the  nasal  half  of  the  right 
retina.     In  addition  to  these  two  chief  divisions,  there  is  a  set  of  fibers 
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in  each  nerve  known  as  the  macular  fibers,  which ^  it  is  said,  pursue 
their  course  backward  through  the  center  of  the  nenes  until  they  reach 
the  chiasm,  where  one  part  crosses  and  one  part  is  continued  backward 
uncrossed  to  reach  the  centers  for  the  macular  regions;  also  that  the 
nerves  contain  fibers  the  function  of  which  is  to  carry  impressions  of 
light  from  the  retina  backward  to  the  pupil-contracting  center  in  the 
floor  of  the  fourth  %*entricle.  These  are  partly  crossed  and  partly 
uncrossed. 


FlO.   lOI.'^REXiUttfED  H£KV£*SH£ATH. 


Congenital  Anomalies,— (Retained  Nerve-sheath,     Opaque 

Nerve-fibers.) — The    white    substance    of    Schwann,    normally 
stripped  off  at  the  lamina  cribrosa,  is  continued  into  the  retina. 
It  presents  a  brilliant  white,  fibrillated,  fringed  patch  with  thej 
papilla  as  its  center,  partly  cuncealing  the  disk  and  the  retinal ' 
vessels.    It  may  be  small,  barely  reaching  to  the  boundaiies 
of  the  disk,  or  large,  extending  wiih  the  vessels  several  disk- 
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diameters.  A  small  patch  of  retinal  nerve-sheath  may  be  found 
at  some  distance  from  the  papilla.  In  a  few  cases  the  anomaly 
may  be  mistaken  for  optic  neuritis  or  for  the  white  spots  of  de- 
generation of  diabetic  and  nephritic  retinitis.  The  characteristic 
situation,  the  irregular  outline,  the  brilliant  white,  and  the  fibrillar 
appearance  ser\'e  to  differentiate  it  from  disease.  There  is  no 
visual  defect  or  other  sjTnptoms.  Perimetric  examination  will 
show  an  unusually  large  blind  spot.  Von  Hippel  believes  the 
defect  is  not  strictly  congenital,  but  is  acquired  during  the  first 
few  weeks  of  life. 

Coloboma. — In  this  anomaly  a  sector  involving  the  fibers 
of  the  greater  part  of  the  papilla  is  wanting.  It  is  sometimes 
associated  with  persistent  hyaloid  arter}'  or  other  congenital  ocular 
defects. 

Tumors,  such  as  small  cysts  and  fibromata,  are  occasionally 
seen.  They  lie  on  the  surface  or  seem  to  occupy  part  of  the  space 
of  the  nerve  head. 

Hyperemia  of  the  Papilla. — ^True  pathologic  increase  of 
vascularity  of  the  optic  disk  is  rare,  except  as  a  forerunner  of 
optic  neuritis  or  an  accompaniment  of  disease  of  the  neighboring 
tissues.  The  physiologic  variations  in  the  color  of  the  nerve- 
head,  and  also  the  possible  variations  in  the  contrast  that  the 
nerve  presents  to  the  tone  of  the  fundus  reflex,  must  be  borne 
in  mind  in  making  a  diagnosis.  In  the  African  and  other  dark- 
skinned  persons  the  disk  stands  out  in  sharp  contrast  to  the  gray 
background,  while  in  blondes  and  albinos  the  difference  in  color 
between  the  papilla  and  the  fundus  reflex  is  less  striking. 

True  hyperemia  is  characterized  by  an  increase  in  the  number 
of  visible  blood-vessels,  and  by  dilatation  and  tortuosity  of  the 
veins.  As  the  vessels  of  the  distal  extremity  of  the  optic  ner\'e 
also  supply  the  retina,  the  latter  becomes  abnormally  vascular. 
Moreover,  if  the  cause  should  be  a  mechanical  obstruction  to 
the  blood,  cither  in  passing  into  or  traveling  away  from  the  eye, 
the  choroid  participates  in  the  congestion,  and  the  pink  color 
of  health  becomes  transformed  into  a  dark  uniform  red.  The 
tortuosity  of  the  small  rather  than  the  large  vessels  of  the  papilla 
and  fundus  indicates  that  the  circulation  is  disturbed. 
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Causes* — H}peremia  is  a  symptom  of  const ilutional  or  of 
local  disease.  The  constuutional  causes  are  thrombosis  obstnjcl- 
ing  the  circulation,  hjT>ertrophied  and  overacting  hearty  retention 
in  the  blood  of  excretor>*  products,  organic  disease  of  the  ab* 
dominal  organs,  the  oncoming  or  the  ceasing  of  menstruation^ 
and  uterine  disease.  Locally,  errors  of  refraction,  notably  hypero- 
pia and  hyperopia  astigmatism,  by  demanding  constant  contraction 
of  the  muscle  of  accommodation,  are  active  causes.  It  may  also 
be  due  to  chronic  inflammation  of  the  uveal  tract,  disease  of  the 
orbit  and  sinuses  accessor}^  to  it,  malarial  and  other  toxic  material 
conveyed  by  the  blood  into  the  retinal  and  nerve  circulation,  and 
foreign  bodies. 

Treatment  consists  in  the  removal  of  the  cause.  Remedies 
which  act  by  stimulating  the  excrelor)^  organs  are  indicated- 
Absorbents  may  be  useful.  In  ever)*  case  of  suspected  hyperemia 
the  eye  should  be  fully  atropinized  and  any  existing  error  of  re- 
fraction corrected* 

Anemia  of  the  disk  cannot  be  considered  as  a  disease  of  itself, 
but  expresses  the  participation  of  the  optic  nerve  in  the  fundus 
picture  of  impaired  nutrition,  and  is  found  in  all  cases  of  atrophy 
and  ischemia  from  blood  diseases  and  functional  disturbances. 
The  arteries  are  apparently  contracted  and  the  arterial  blood 
bght  in  color,  while  the  veins  are  overfilled,  tortuous,  and  are 
a  prominent  feature  of  the  background.  The  papilla  is  pallid 
from  deficiency  in  vascularity* 

Hemorrhages  on  the  disk,  unaccompanied  by  retinal  ex- 
tra v^asations,  are  rare*  They  appear  as  irregularly  outlined  clots 
of  dark-red  color,  and  are  found  in  the  subjects  of  arteriosclerosis. 

Optic  Neuritis  (PapiiHiis^  Choked  Disk). — In  inflammation 
of  the  optic  nerve,  fluid  and  solid  exudation  fills  up  the  interstices 
of  the  fibers  and  the  physiologic  excavation.  The  optic  nen^e- 
fibers  are  thus  crowded  and  distorted,  their  function  suspended, 
the  papilla  elevated  above  the  level  of  the  adjoining  retina,  the 
vessels  pressed  upon  and  partly  concealed,  and  the  outgo  of  blood 
through  the  veins  prevented,  giving  rise  to  hemorrhages.  Unless 
the  intlammator>*  process  is  checked,  the  connective  tissue  which 
normally  separates  the  fiber  bundles  from  each  other  undergoes 
atrophy  from  pressure  and  from  deranged  nutrition. 
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Optic  neuritis  assumes  three  phases:  (i)  medullary  neuritis,  or 
true  inflammation  of  the  ner\'e  tissue;  (2)  papillitis,  or  swelling  of 
the  intraocular  portion  of  the  nerve  from  irritation  or  pressure; 
and  (3)  descending  neuritis,  originating  from  intracranial  diseases 
of  the  ner\-e  or  its  sheaths. 

Descending  and  ascending  neuritis  are  terms  that  indicate  the 
direction  of  the  transmission  of  the  inflammation,  but  do  not 
express  its  cause  or  methods  of  action.  The  former  applies  to 
disease  which,  commencing  in  the  brain,  finds  its  way  down  the 
optic  ner\T  or  its  sheaths  into  the  eyeball;  and  the  latter  to  that 
which  commences  with  the  papilla  and  terminates  in  the  brain. 
Choked  disk  is  an  arbitrary  expression,  denoting  intense  swelling 
of  the  papilla  (2  D  or  more). 


Fig.  202. — Meridional  Section  through  a  Choked  Disk. 
(Pagenstecher  and  Genth.) 

Causes. — ^The  causes  of  optic  neuritis  are  orbital,  intracranial, 
and  constitutional. 

I.  OrbitaL — Fracture  of  the  wall  of  the  orbit  involving  the 
optic  foramen  or  sphenoidal  fissure  will,  by  laceration  of  or  pres- 
sure upon  the  optic  nerve  or  its  vessels,  induce  neuritis,  usually 
of  low  grade.  The  fracture  may  be  unsuspected  until,  after  the 
lapse  of  some  weeks,  attention  is  directed  to  the  eyes  by  the  failing 
vision.  The  field  is  concentrically  or  sectorily  limited.  The 
nerve-head  is  discolored,  the  margins  blurred,  the  arteries  con- 
tracted, and  the  veins  dilated.  In  the  early  period  of  its  growth, 
tumor  of  the  orbit  gives  rise  to  acute  optic  neuritis,  retinal  edema, 
and  hemorrhages,  followed,  in  its  last  stages,  by  atrophy  of  the 
nerve.  In  purulent  cellulitis  excited  by  the  lodgment  of  a  septic 
foreign  body,  er}sipelas  of  the  face,  or  disease  of  the  cavities 
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accessory  to  the  orbit  the  optic  nerve  seldom  escapes.  Hemorrhage 
into  the  cellular  tissue  of  the  orbit  or  into  the  nen^e-sheath,  an  in- 
frequent result  of  traumatism  to  the  skull,  induces  sudden  loss  of 
vision  from  pressure  upon  the  optic  ner\-e.  As  the  blood  is  ab- 
sorbed vision  generally  returns.  Deformities  of  the  skull,  with 
or  without  deformity  of  the  orbit,  exostosis,  and  pachymeningitis 
destroy  the  function  of  the  nerve  either  by  pressure  upon  it  at  the 
base  or  in  the  orbit. 

2.  Intracranial. — The  diseases  of  the  brain  and  its  coverings 
that  may  give  rise  to  optic  neuritis  include  meningitis,  timiors, 
gummata,  sclerosis,  tubercle,  cysts,  abscess,  and  aneurism.  Tuber- 
cular meningitis  is  the  cause  of  the  majority  of  cases  in  children. 
The  explanation  of  the  local  causes  for  optic  neuritis  is  self-evident, 
but  the  causative  connection  between  intraocular  affections  and 
inflammation  of  the  intraocular  extremity  of  the  optic  nerve  is  as 
yet  undetermined. 

Intracranial  affections  give  rise  to  optic  neuritis  by  direct 
pressure  upon  the  chiasm  and  optic  nerves;  by  increasing  the 
ventricular  and  subarachnoid  fluids;  by  disturbing  the  balance  or 
equilibrium  of  the  different  portions  of  the  brain;  possibly  by  an 
increase  in  the  volume  of  the  contents  of  the  skull;  by  disturbance 
of  nutrition  through  interference  with  the  circulation;  and  by  an 
extension  of  inflammation  along  the  nerve  to  its  termination. 

The  theories  of  papillitis  are  (a)  Mechanical  theory :  A  tumor 
or  meningeal  exudation  in  the  course  of  the  optic  tracts,  chiasm,  or 
optic  nen-es  will  excite  inflammation  of  the  nerve  tissue,  which 
spreads  by  continuity  to  the  ocular  extremity;  the  pressure  upon 
the  vessels  retards  the  blood- current,  an  efl'cct  far  more  noticeable 
in  the  veins  because  of  the  feeble  resistance  of  their  walls.  The 
ventricles  are  in  direct  connection  by  means  of  the  subarachnoid 
space  of  the  brain  and  the  intervaginal  space  of  the  optic  ner\'e 
with  the  lymph  channels  of  the  eye.  Therefore,  increase  in  the 
intracranial  contents  and  overdistention  of  the  ventricles  from 
the  presence  of  a  tumor  or  of  disease  mechanically  causes  dropsy 
of  the  ncrve-shcath  and  impedes  the  circulation  in  the  optic  nerve. 
The  papilla  becomes  edematous,  its  arteries  narrowed,  and  veins 
dilated.     It  is  said  that  the  lymphatics  in  the  nerve-head  are  the 
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channels  by  which  a  part  of  the  ventricular  fluid  is  conveyed  directly 
into  the  nerve-head  and  retina.  A  tumor,  cyst,  or  abscess  by  dis- 
placement of  the  brain  substance  forces  the  encephalic  fluid  into 
the  sheaths  of  the  optic  nerves  and  gives  rise  to  optic  neuritis,  (b) 
Irritation  theory:  It  has  "been  assumed  that  a  tumor,  by  increasing 
the  amount  of  tissue  within  the  skull,  raises  the  pressure  and  causes 
optic  neuritis,  but  in  view  of  the  many  cases  of  tumor  without 
neuritis  this  hypothesis  is  not  sufficient.  The  irritation  theory 
presupposes  a  condition  of  irritation  of  the  brain  tissue  surrounding 
the  tumor  and  a  conveyance  of  the  toxins  to  the  optic  papilla  by 
means  of  the  lymph  channels.  This  is  analogous  to  the  germ 
theory,  which  holds  that  pathogenic  material  given  oflF  by  the 
tumor  finds  its  way  to  the  sheath  of  the  ner\^e  at  its  entrance  into 
the  ball  and  sets  up  an  inflammatorj'  process. 

The  weight  of  opinion  seems  to  be  on  the  side  of  the  mechanical 
theory,  which  may  be  extended  to  include  the  circulatory  dis- 
turbances responsible  for  dropsy  of  the  sheath.  The  fact  is  that 
about  90  per  cent,  of  brain  tumors  give  rise  to  optic  neuritis,  ir- 
respective of  the  size  and  location  of  the  tumor.  Optic  neuritis 
is  in  no  sense  a  localizing  feature  unless  it  be  unilateral,  although 
tumors  of  the  occipital  region  and  at  the  base  are  more  disposed  to 
be  accompanied  by  neuritis  than  those  in  other  portions  of  the 
brain.  On  the  other  hand,  the  absence  of  optic  neuritis  does  not 
exclude  the  diagnosis  of  brain  tumor,  while  its  presence  is  a  strong 
confirmatorj'  sign. 

3.  Constitutional. — A  moderate  degree  of  optic  neuritis  and 
neuroretinitis  has  been  obser\-ed  in  epidemic  influenza,  the  erup- 
tive fevers,  diphtheria,  and  in  other  contagious  diseases.  In 
nephritis  it  occurs  in  about  10  per  cent,  of  the  cases,  and  in  puer- 
peral albuminuria  even  more  frequently.  Diabetes,  leucocvthe- 
mia,  toxemia,  pernicious  anemia,  and  suppression  or  retardation 
of  the  menses  are  among  the  causes.  In  the  primary  stage  of 
spinal  cord  affections,  neuroretinitis  is  sometimes  a  forerunner  of 
()[)tic  atrophy.  In  the  tertiary  stage  of  syphilis  optic  neuritis  is 
primary  or  secondary  to  gummatous  meningitis  or  gumma  of  the 
brain.  Inflammation  or  dropsy  of  the  nerve-sheath  with  papillitis 
has  been  observed  after  exposure  to  cold  and  after  rheumatism. 
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OphtbaLmoscopic  Signs- — The  inflammatory  process  in  the 
intraocular  end  of  the  optic  nerve  may  be  arbitrarily  divided  into 
three  stages^  which  pass  imperceplibly  into  each  other. 

First  stage:  The  duration  of  the  first  stage  varies  according  to 
its  cause.  In  fact,  the  disease  may  never  advance^  ophthalmo- 
scopically,  beyond  the  first  stage.     It  is  characterized  by  a  blurring 


Fig*  aoj. — Papillitis  or  Choked  Disk  vs  a  Patient  with  TuMom  of  the 

of  the  border  of  the  papilla,  by  an  infiltration  or  swelling  of  its 
substance,  a  filhng  in  of  the  physiologic  excavation,  by  the  dark* 
ened  color  of  its  surface,  and  by  a  relative  increase  in  the  size  of 
the  veins  on  the  disk-  The  vascularity  of  the  disk  is  decidedlj 
increased*  Fine  twigs  invisible  in  health  are  evident,  and  ihel 
small  vessels  assume  large  proportions*     The  normal  boundaries 
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of  the  nerve  are  concealed  by  the  vascularity,  swollen  optic  nen'e- 
fibers,  semi-transparent  edema,  and  by  solid  inflammatory  material, 
and  the  disk  apparently  becomes  twice  or  thrice  its  normal  size.  The 
papilla  projects  forward  beyond  the  level  of  the  retina,  as  deter- 
mined both  by  the  bending  of  the  blood-vessels  as  they  pass  from 
the  disk  into  the  retina,  and  by  the  clearer  view  obtained  by  the  use 
of  a  stronger  convex  glass  (or  weaker  minus)  in  the  ophthalmo- 
scope than  that  required  to  see  foveal  and  peripheral  portions  of 
the  retina.  The  connective  tissue,  binding  together  the  bundles 
of  fibers  in  the  nerve,  is  hypertrophied  and  opaque,  and  helps 
to  conceal  the  disk  outlines.  During  this  stage  there  are  no 
marked  changes  in  the  retina,  excepting  dilatation,  tortuosity,  and 
dark  color  of  the  veins.  This  statement  excludes  cases  of  neuro- 
retinitis.  The  arteries  on  the  disk  are  contracted  rather  than 
dilated. 

Second  stage:  Unless  the  cause  of  the  papillitis  has  been  re- 
moved the  inflammatory  process  continues,  and  shows  an  increase 
in  the  intensity  of  the  ophthalmoscopic  signs  described  above. 
The  optic  nerve  projects  from  i  mm.  to  2  mm.  (3  D  to  6  D)  for- 
ward into  the  vitreous;  its  outlines  are  lost;  its  site  completely  oc- 
cupied by  exudation  and  hemorrhages,  so  that  its  position  is  deter- 
mined only  by  the  blood-vessels;  its  color  is  that  of  the  retina,  and 
the  swelling  overlaps  the  retina  in  all  directions,  giving  an  exag- 
gerated idea  of  the  size  of  the  papilla.  The  blood-vessels  are  in 
places  hidden  from  view,  appear  to  be  interrupted,  and  are  difficult 
to  follow;  the  veins  are  enormously  dilated,  tortuous,  and  dark  in 
color,  apparently  largely  outnumbering  the  arteries,  which  are 
proportionately  reduced  in  number  and  in  caliber;  small  flame- 
shaped  hemorrhages  on  and  near  the  disk  are  numerous;  pigment 
changes  are  uncommon;  and  the  retina  in  the  neighborhood  of  the 
disk  is  edematous  and  its  fiber-layers  hypertrophied,  forming  white 
lines  radiating  into  the  retina. 

Third  stage:  The  second  stage  varies  in  duration  from  a  few 
weeks  to  a  few  months,  and  gradually  passes  into  the  stage  of 
degeneration.  The  exudation  has  ceased,  hemorrhages  no  longer 
occur,  and  old  clots  of  blood  undergo  absorption.  The  swelling  of 
the  nerve-head  declines,  the  peripher)'  of  the  swollen  area  contracts 
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as  the  exudative  material  is  either  absorbed  or  transformed  into 
connective  tissue,  the  veins  becoming  less  dilated  and  tortuous,  and 
the  arteries  smaller.  The  papilla  becomes  a  dirty,  grayish-white^ 
and  a  firm  organized  exudate  fills  in  the  physiologic  excavation. 

Symptoms. ^Vision  is  usually  affected  only  after  the  onset  of 
the  second  stage,  and  becomes  gradually  worse  during  the  con- 
tinuance of  the  disease.  Exceptionally,  there  is  no  deterioration 
of  vision  until  the  third  stage,  as  a  considerable  grade  of  papillitis 
is  consistent  with  normal  acuity*  Permanent  reduction  of  vision 
ensues  after  hemorrhage  or  exudation  has  invaded  the  macular 
region,  or  ihe  function  of  the  retinal  cells  and  fibers  has  been 
compromised  by  pressure  or  by  cicatricial  connective- tissue  con- 
traction* Vision  declines  to  hght  perception,  and  even  to  the  loss 
of  light  perception,  in  the  late  stages. 

The  Vimal  Field. — Examination  of  the  field  of  vision  is  an 
important  factor  in  determining  the  location  of  the  cerebral  lesion. 
Central  and  peripheral  scotomata,  and  quadrant  or  sectoral  de- 
fects, should  be  sought  for.  The  two  common  defects  in  the  field 
are  peripheral  contraction  and  central  scotoma*  The  former  is 
characteristic  of  uniform  pressure  upon  the  nerve  from  without 
by  fluids  or  solids  in  or  external  to  its  sheath;  the  latter  indicates 
axial  neuritis  with  loss  of  function  of  the  central  nerve-fibers. 
Sector-like  defects  involve  a  definite  portion  of  the  visual  field,  such 
as  hemianopsia,  or  loss  of  one-half  of  the  lateral  or  vertical  field, 
tcrtranopsia,  or  loss  of  a  quarter  of  the  field,  and  smaller  defects. 
Such  defects  are  symptoms  of  the  descending  form  of  optic  neu- 
ritis, and  are  due  to  lesions  of  th^  chiasm,  tract,  or  the  deep  centers. 
They  are  usually  binocular  and  symmetrical.  Monocular  defects 
arise  from  pressure  upon  the  nerve  within  the  orbital  canal  or 
orbit,  upon  a  portion  of  the  chiasm,  or  disease  of  small  area  in 
the  occipital  lobes. 

Color  perception  declines  proportionately  with  the  perception 
for  white.  The  change  to  be  noted  first  is  the  peripheral  contrac- 
tion for  aH  colors.  As  the  disease  progresses  the  perception  for 
green  is  the  first  to  be  lost,  then  red,  and  finally  blue.  The  loss 
of  the  blue  field  is  contemporaneous  with,  marked  contraction  of 
the  form  field,  particularly  on  the  nasal  side,  and  indicates  ad- 
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vancing  atrophy.  The  normal  relation  of  the  color  fields  to  each 
other  may  be  changed.  Thus,  the  blue  may  be  more  contracted 
than  yellow  or  red.  This  occurs  frequently  in  hysteria,  but  is  un- 
usual in  organic  disease  of  the  nerve.  In  recording  the  field  of  vision 
in  cases  of  central  nervous  disease,  where  defects  occur  which  are 
similar  in  the  two  eyes,  caution  must  be  exercised  in  the  drawing 
of  conclusions  as  to  these  bilateral  defects;  whether  they  are  the 
immediate  result  of  the  pressure  on  the  centers  governing  the 
ner\'e-fibers  or  are  secondary  to  changes  in  the  cells  of  the  retina. 
Interference  with  the  nourishment  of  the  ganglionic  cells  of  the 
retina  results  in  changes  of  the  visual  field  closely  resembling  bi- 
lateral alterations  produced  by  central  lesions. 

Prognosis. — The  prognosis  of  optic  neuritis  of  all  grades  is 
grave,  because  the  intracranial  and  constitutional  disease  of  which 
it  is  a  symptom  involves  organs  of  the  body  that  are  essential  to 
health  and  life.  An  exception  to  an  unfavorable  prognosis  may 
be  made  in  the  case  of  toxic  amblyopias,  which,  upon  removal  of 
the  cause,  often  recover.  As  has  been  said  before,  the  stage  of 
atrophy  follows  the  inflammator>'  process,  and,  as  the  degener- 
ation of  the  nerve  progresses,  vision  diminishes  until  light  percep- 
tion is  lost.  The  disease  generally  advances  more  rapidly  in  one 
nerve  than  in  the  other,  and  vision  is  usually  preserved  for  months 
or  even  years  in  one  eye  after  the  other  is  blind. 

Treatment. — The  orbital,  intracranial,  or  constitutional 
cause  must  be  diligently  sought.  Urinary  analysis  is  essential. 
The  discovery  of  albumin,  casts,  or  sugar  in  the  urine  determines 
the  line  of  treatment  to  be  pursued.  In  the  syphilitic  forms 
energetic  mercurialization  in  combination  with  potassium  iodid 
and  pilocarpin  sweats  will  lead,  especially  in  the  acute  stage,  to 
surprisingly  satisfactory  results.  The  rheumatic,  albuminuric, 
and  toxic  forms  are  benefited  unquestionably  by  the  sweating 
treatment.  The  acute  cases,  those  in  which  a  history  of  exposure 
to  cold  has  been  followed  by  rapid  decline  of  vision,  call  for  general 
blood-letting,  followed  by  diaphoresis.  The  reestablishment  and 
regulation  of  the  menses  is  a  most  important  factor  in  women  who 
suffer  from  suppression.  Ethmoid  and  sphenoid  disease  should 
receive  immediate  attention.    The  salicylates  in  large  doses  are 
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valuable  in  rheumatic  neuritis*  In  the  early  stage  of  suspected 
dropsy  of  the  sheath  of  the  nen^e  Carter  suggests  forcible  rotation 
of  the  ball  and  incision  of  the  sheath.  Local  remedies  consist  of 
blisterSj  leeches,  and  atropin.  They  are,  of  course,  secondary  to 
general  medication- 
Acute  Retrobulbar  Neuritis. — The  optic  ner\e-fibers  are 
affected  primarily  (medullary  neuritis)  by  disease  within  the 
limits  of  the  nerve,  or,  secondarily,  by  pressure  of  exudation  be- 
tween the  nene  and  sheath. 

Causes. — The  affection  is  attributable  to  injury  or  disease 
of  the  orbit  and  of  the  accessory  cavities,  rheumatism  following 
exposure,  the  inhalation  or  absorption  of  toxic  substances,  such  as 
methyl  alcohol  and  quinin  (see  page  405),  and  from  influenza, 
acute  alcoholism,  and  autotoxemia. 

Pathology,— The  function  of  the  nerves  is  rapidly  inhibited 
by  interstitial  inflammation  of  the  ner\'e-fibers  or  by  pressure  upon 
the  ner\T  or  its  vessels*  In  favorable  cases  the  inflammation 
subsides,  the  exudation  is  absorbed,  or  the  pressure  is  removed. 
In  others,  the  continuity  of  the  fibers  is  permanently  interrupted 
and  atrophy  ensues* 

Symptoms.^ — ^Vision  rapidly  declines,  and  in  most  cases  per- 
ception of  light  is  lost  within  a  few  days.  The  field  contracts 
from  the  periphery  toward  the  center,  or,  more  commonly,  central 
scotoma  is  present  from  the  commencement  of  the  affection  and 
increases  in  size  until  only  a  small  rim  of  peripheral  field  remains. 
The  central  scotoma  may  at  first  be  for  colors  only,  but  soon 
becomes  absolute*  Vision  is  subject  to  variation*  Partial  re- 
covery may  precede  permanent  blindness*  Pain,  if  present,  is 
deep-seated  and  is  increased  upon  movements  of  the  ball.  Weak- 
ness or  complete  paralysis  of  the  facial  nerve  may  accompany  or 
precede  the  symptoms  of  the  optic  nen^e  affection. 

The  ophthalmoscope  shows  a  hyperemic  nerve-head  with  a 
muddy  or  discolored  surface  and  partly  veiled  edges,  contracted 
arteries,  dilaled  veins,  and  possibly  one  or  two  fine  hemorrhages* 
Prognosis.  ^ — The  degree  and  permanency  of  the  blindness 
depend  upon  the  cause.  Sometimes  recoverj^  of  useful  if  not  full 
vision  follows  early,  persistent,  and  energetic  treatment* 
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Treatment. — ^Abstinence  from  the  toxic  agent  known  to  pro- 
duce the  disease,  local  and  general  blood-letting,  large  doses  of 
salicylates  in  rheumatic  cases,  strychnin  in  increasing  doses,  iodid 
of  potassium,  and  mercury  are  indicated.  Active  diaphoresis 
eliminates  the  poison  and  assists  the  action  of  internal  remedies. 

Chronic  Retrobulbar  Neuritis. — The  most  common  causes 
are  the  absorption  of  large  quantities  of  tobacco  and  alcohol,  or 
both.  Numerous  other  poisons,  notably  lead,  quinin,  chloral, 
salicylic  acid,  ergot,  naphthalin,  nitrobenzol,  and  the  methyl 
compounds,  will,  when  absorbed  into  the  system,  produce  similar 
inflammation  of  the  nerve.  Some  constitutional  diseases,  as 
diabetes  and  intracranial  affections,  are  also  responsible. 
A  B 


Fig.  204. — Sections  of  the  Right  Optic  Nerve  in  a  Case  op  Toxic  Ambly 
opiA,  showing  Degeneration  of  the  Papillomacular    Bundle  (Wei- 
gert's  Stain):  A,  Transverse  section  of  the  optic  nerve,  13  mm.  behind  the 
globe;  B,  Transverse  section  of  the  optic  nerve  in  the  region  of   the  optic 
foramen. — {de  Schweinitz.) 

Pathology. — It  is  probable  that  the  bundle  of  ner\'e-fibers 
supplying  the  macular  region  and  its  retinal  terminations  are  the 
primary  seat  of  disease.  It  is  a  degenerative  process,  gradual  and 
persistent,  which,  unless  checked,  encroaches  upon  the  fibers 
adjoining  the  papillomacular  bundle  until  the  entire  nerve  is 
atrophic.  It  is  a  true  axial  medullary  neuritis,  possibly  secondary 
to  degeneration  of  the  macular  ganglion  cells. 

S3anptoms  and  Ophthalmoscopic  Signs. — Impairment  of 
vision  is  gradual,  and  consists  of  a  blurring  in  the  center  of  the 
field  which  is  not  relieved  by  glasses.  The  pupillary  reflex,  if 
abnormal,  may  be  the  converse  of  the  Argj^ll-Robertson.    In 
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such  cases  the  light -reflex  is  prompt,  and,  instead  of  a  contraction 
with  accommodation,  there  is  dilatation.  With  the  ophthalmo- 
scope nothing  distinctive  can  be  seen*  The  Der\"e-head  is  usually 
pale  in  the  lower  temporal  quadrant,  its  surface  sUghlly  veiled,  and 
its  outline  not  so  sharp  and  clear  as  in  the  normal  subject,  although 
frequently  the  changes  are  absent  or  not  readily  recognizable. 
The  characteristic  sign  of  toxic  amblyopia  is  central  col&r  scotama. 
The  field  for  green  is  lost  first,  then  follows  red^  and  finally  all 
colors  are  indistinguishable  at  and  near  the  point  of  fixation  in  a 
small  oval  area.  Late  in  the  disease  the  scotoma  becomes  abso- 
lute, increased  in  size,  and  the  field  concentrically  contracted. 

The  loss  of  central  acuity  of  j 
vision  declines  in  proportion 
to  the  completeness  of  the 
central  scotoma. 

Prognosis  p — The  visual 
acuity  at  the  time  of  the  ex- 
amination will  be  preser\^ed 
by  prompt  treatment,  and  in 
fa\'orable  cases  vision  may 
be  entirely  restored.  De- 
struction of  the  nen'e-fibers 
precludes  full  recovery. 

Treatment. — The  alco- 
hol, tobacco,  or  other  tojdc 
agent  must  be  immediately  and  absolutely  withdrawn*  Str)Thnin> 
pushed  to  the  limit  of  toleration,  is  the  most  reliable  remedy-  If 
s)Tnptoms  of  poisoning  from  strychnin  appear,  an  intermission  in  its 
use  should  be  ordered  for  a  few  days.  Nitroglycerin  and  nitrite  of 
amyl  have  been  advocated  as  remedies  to  stimulate  the  circulation 
in  the  nen^e,  and  may  be  used  as  an  adjunct  to  strvThnin.  lodid 
of  sodiimx  or  potassium  is  of  distinct  value  as  an  absorbent  of 
exudate  in  the  nen^e.  Tincture  of  iron  and  electricity  are  possiblyJ 
of  service,  A  rich  nourishing  diet,  exercise  out-of-doors,  early^ 
hours,  and  plenty  of  sleep  are  essential. 

Hereditary   Optic   Keuritis   (Htrfdiiary   Reircbulbar  Nm-- 
fiiis). — This  affecuon  in  its  pathology  and  symptoms  is  closely 
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allied  to  retrobulbar  neuritis  of  toxic  origin.  It  appears  in  in- 
dividuals without  other  assignable  cause  than  heredity,  at  any  age, 
and  is  monocular  or  binocular,  acute  or  chronic.  It  affects  several 
members  of  a  family,  notably  the  males,  and  has  been  traced 
through  four  generations.  The  exciting  causes  are  exposure  to 
cold,  excessive  use  of  tobacco,  excessive  vcnery,  syphilis,  and 
growing  deformities  of  the  skull. 

S3anptoms. — Central  acuity  of  vision  is  suddenly  or  gradually 
lost,  without,  at  first,  limitation  at  the  periphery  of  the  field. 
The  central  scotoma  is  absolute  and  eccentric  fixation  is  a  promi- 
nent symptom.  The  pupils  are  dilated  and  but  slightly  re- 
sponsive. Both  eyes  may  be  affected  in  equal  degree.  In  the 
early  stage  the  optic  disk  is  slightly  swollen,  the  arteries  diminished 
in  size,  and  the  veins  dilated  and  tortuous.  Upon  the  absorption 
of  the  exudation,  the  papilla  presents  the  characteristic  appearance 
of  atrophy.  The  field  becomes  concentrically  smaller,  and  useful 
vision  is  destroyed. 

Treatment. — Large  doses  of  potassium  iodid,  mercury,  and 
str\Thnin  and  pilocarpin  sweats  may  retard  the  progress  of  the 
disease  or  bring  about  partial  rccover\\ 

Neuroretinitis  is  expressive  of  inflammation  of  the  nerve 
and  retina.  The  primary  inflammation  may  have  its  site  in  the 
retina,  and  after  attaining  considerable  proportions  extend  to 
the  fibers  of  the  ner\'e,  or  the  inflammation  begins  as  a  neuritis 
and  spreads  to  the  fiber-layer  of  the  retina.  It  is  an  ocular  symp- 
tom or  complication  of  constitutional  disturbances,  such  as  dia- 
betes, nephritis,  and  diseases  of  the  blood.  Constitutional  syphilis 
in  the  third  stage  is  also  a  common  cause. 

Atrophy  of  the  Optic  Nerve. — The  recognition  of  degenerated 
states  of  the  ()[)tic  uqwc  has  little  value  in  respect  to  prognosis 
of  vision,  since  thera])cutic  resources  are  inadequate  to  restore 
sight  that  has  been  lost.  In  view  of  the  patient's  welfare,  it  is 
of  importance  as  pointing  to  the  local  or  constitutional  affections 
that  have  given  rise  to  the  optic  nerve  changes.  Optic  atrophy 
with  few  exceptions  doe5  not  originate  in  the  eye,  but  depends 
upon  disturbances  in  the  orbit,  within  the  skull,  in  the  spinal 
cord,  or  in  the  organs  of  the  body. 
26 
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Optic  atrophy  is  of  two  forms,  primary  atrophy,  in  which 
the  changes  in  the  nerve  appear  without  signs  of  preceding  in- 
flammation, and  consecutive  atrophy,  which  follows  optic  neuritis, 
the  result  of  pressure  or  extension  of  a  morbid  process  through  the 
nerve  to  its  intraocular  extremity,  or  is  due  to  disease  of  the  retina 
or  choroid.  Secondary  atrophy  is  a  degeneration  of  the  nerve- fiber 
from  pressure  by  disease  of  the  orbit,  fracture  of  the  orbital 
walls,  tumors  within  the  cranium,  or  concussion  of  the  brain. 

Primary  Atrophy  {Spinal  Atrophy). — The  papilla  is  pearly 
white,  the  physiologic  excavation  clear-cut,  sharply  outlined  or 
included  in  a  shallow  cup,  and  the  lamina  cribrosa  uncovered. 
The  boundaries  of  the  papilla  are  well  marked  and  distinct,  and 
partly  surrounded  by  choroidal  pigment  or  a  wide  scleral  ring; 
the  arteries  decidedly  contracted,  reduced  in  caliber,  and  accom- 
panied by  white  lines  along  their  sides,  and,  in  advanced  cases, 
cannot  be  followed  for  any  considerable  distance  from  the  disk; 
and  the  veins  are  smaller  than  normal  but  more  prominent  than 
the  arteries.  The  retina  and  choroid  toward  the  periphery  are 
usually  free  from  gross  evidences  of  disease,  and  the  other  struc- 
tures of  the  eye  are  not  involved. 

Consecutive  and  Secondary  Atrophy. — In  marked  contrast 
to  the  pearly  or  blue  white  of  the  disk  of  simple  atrophy,  the 
papilla  is  of  a  dull,  dirty,  or  yellowish-white  color,  owing  to  the 
previous  congestion  of  and  exudation  into  the  tissue  of  the  papilla. 
The  boundaries  of  the  nerve  are  indistinct,  and  are  surrounded 
by  zones  of  atrophied  retina  and  choroid  that  mark  the  limit 
of  the  earlier  papillitis;  the  lamina  cribrosa  is  covered,  and  the 
physiologic  excavation  obliterated  by  the  exudation.  The  changes 
in  the  blood-vessels  noted  under  primary  atrophy  are  also  found 
in  the  secondar}'  form.  Patches  of  ]jignient  and  of  degeneration 
of  the  retina  and  choroid,  and  remains  of  old  hemorrhages  and 
of  foci  of  inflammation,  may  be  observed  in  the  neighborhood  of 
the  papilla. 

Causes, — Prima r}*  atrophy  precedes  or  accompanies  the  ma- 
jority of  cases  of  locomotor  ataxia.  It  may  be  the  earliest  symp- 
tom, antedating  the  general  phenomena  by  years.  It  is  also  found 
in   progressive    paralysis,    chronic    cerebral    softening,    epilepsy, 
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and  multiple  sclerosis.  A  form  of  optic  atrophy,  in  which  the 
affection  of  the  nerve  is  secondar>'  to  inflammation  and  degenera- 
tive processes  in  the  retina,  is  found  in  retinitis  pigmentosa  and 
in  extensive  and  chronic  retino-choroiditis.  The  papilla  becomes 
bluish  white  and  the  vessels  almost  invisible.  Vision  is  reduced 
to  light-perception  or  is  totally  lost. 

Symptoms, — The  acuity  of  vision  depends  upon  the  degree  of 
degeneration  of  the  nerve-fibers.  The  first  symptoms  are  diminu- 
tion in  the  light  sense  and  contraction  of  the  color  fields.  The 
demand  on  the  part  of  the  patient  for  strong  light  in  reading, 
and  the  difficulty  of  seeing  his  way  at  night,  call  attention  to  the 
failing  vision.  The  obtruded  nerve  elements  require  an  unusual 
degree  of  stimulation  or  their  function  is  impaired.  The  light- 
sense  is  tested  by  determining  the  acuity  of  vision  in  different 
degrees  of  illumination  or  by  the  Forstcr  photometer.  The  peri- 
metric measurement  of  the  color  field  will  show  a  contraction  for 
all  colors.  Perception  is  lost  first  for  green,  then  red,  and  finally 
blue,  the  fields  for  white  undergoing  concentric  limitation.  In 
some  cases  the  form  field  is  lost  in  sectors.  Usually  the  con- 
traction of  the  color  fields  is  greater  than  that  of  the  field  for 
white.  As  the  degeneration  of  the  nerve-fibers  advances  acuity 
of  vision  declines  until  light-perception  is  abolished. 

Pathology, — In  primary  atrophy  microscopic  examination  has 
shown  degeneration  of  the  nerve-sheaths  and  the  nerve-fibers 
without  the  signs  of  connective-tissue  inflammation.  The  nerve 
assumes  finally  the  character  of  a  cord  of  connective  tissue.  In 
inflammatory  atrophy  the  fibrous  tissue  surrounding  the  fibers 
and  connecting  them  with  each  other  is  hypertrophied,  and  the 
nerve-fiber  destroyed  by  pressure.  The  vessels  are  reduced  in 
caliber  by  hypertrophy  of  their  walls  or  they  are  transformed 
into  fibrous  lines.  The  nen-e  and  its  intraocular  terminus  are 
diminished  in  diameter. 

Diagnosis, — In  well-marked  atrophy  the  ophthalmoscopic 
s\y;^x\<,  arc  pronounced  and  unmistakable.  In  doubtful  cases  the 
history  of  diminished  light-sense,  the  gradual  loss  of  vision,  the 
limitation  of  the  color  and  form  fields,  the  presence  of  central 
scotoma,  and  the  frequent  association  with  a  general  neurosis 
will  make  the  diagnosis  clear. 
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Prognosis. — The  termination  is  partial  or  complete  blindness. 
In  some  curable  affections  of  the  brain  or  abdominal  organs,  in 
syphilis,  and  in  acute  atrophy  from  profuse  hemorrhages, 
treatment  will  do  much  to  check  the  advance  of  the  atrophy.  In 
locomotor  ataxia  the  atrophy  is  ultimately  complete  and  perma- 
nent. In  multiple  or  disseminated  sclerosis  the  prognosis  is  less 
unfavorable,  and  with  improvement  in  the  general  health  vision 
will  be  partly  recovered. 

Treatment, — Therapeutics  may  check  the  advance  of  the  disease 
and  postpone  the  inevitable  blindness.  In  atrophy  the  result  of 
a  constitutional  or  a  cerebral  disease  the  most  dependable  remedies 
arc  potassium  iodid,  mercur\',  and  str\xhnin,  carried  to  the  limit 
of  tolerance.  Electricity,  for  which  much  has  been  claimed,  is 
of  doubtful  ser\'ice.  Nitroglycerin  and  nitrite  of  amyl,  cautiously 
exhibited,  may  temporarily  improve  vision  and  increase  the  size 
of  the  fields.  The  preparations  of  gold  and  zinc,  the  sahcylales, 
and  sweat  baths  have  been  recommended. 


Amblyopia. 

Amblyopia  is  the  term  used  to  designate  dimness  of  vision 
without  demonstrable  pathologic  appearances  or  causative  errors 
of  refraction.  The  causes  are  heredity  manifested  early  or  late 
in  life,  the  so-called  non-use  of  the  eye  (amblyopia  exanopsia), 
traumatism,  the  degenerative  changes  in  the  ganglion  cells  of  the 
retina  or  in  the  macular  bundles  of  the  optic  nerve  following 
interstitial  neuritis,  the  effect  of  the  absorption  into  the  system 
of  poisons,  sudden  and  profuse  hemorrhages,  hysteria,  and  affec- 
tions of  the  centers  of  vision. 

Amblyopia  of  Heterotropia. — In  approximately  50  per  cent, 
of  the  cases  of  internal  strabismus  the  deviating  eye  is  amblyopic. 
The  amblyopia  is  due  to  non-use  or  to  a  congenital  lesion  of  some 
part  of  the  visual  neuron.  The  latter  appears  to  be  the  more 
acceptable  theor}-.  The  only  symptom  is  dimness  of  vision. 
There  is  no  asthenopia,  since  the  amblyoi)ic  eye  is  not  used  in 
the  visual  act.  Exceptionally,  vision  may  be  improved  by  stereo- 
scopic exercise,  but  in  the  great  majority  of  cases  neither  training 
nor  the  stereoscope  will  be  of  much  benefit 
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Congenital  absence  of  acute  sensibility  of  the  macular  region 
does  not  always  induce  deviation  of  the  visual  axes,  nor  can  the 
diminution  of  \'ision  be  explained  by  the  supposition  of  hysteria, 
simulation,  or  organic  disease  of  the  higher  centers.  Congenital 
amblyopia  for  colors  (color  blindness)  is  described  in  the  Appendix. 

Amblyopia  from  Hysteria. — The  diagnosis  of  hysteria  should 
not  depend  upon  ocular  examination  alone,  nor  should  it  be 
made  without  thorough  and  repeated  search  for  demonstrable 
organic  disease.     (See  page  486.) 

Amblyopia  from  Diabetes. — In  the  early  stage  of  diabetes 
the  eye  may  be  free  from  organic  changes,  but  the  presence  of 
central  color  scotoma  indicates  a  toxic  action  of  the  disordered 
blood  upon  the  axial  ner\'e-fibers  or  upon  the  cerebral  centers, 
as  in  uremia.  Close  examination,  particularly  after  the  disease 
has  existed  for  some  months,  may  reveal  slight  opacities  in  the 
media  or  changes  in  the  nerve  and  retina. 

Amblyopia  from  Drugs. — The  assimilation  of  many  sub- 
stances used  in  medicine  and  in  the  arts  induces  acute  or  chronic 
changes  in  the  retina  and  optic  ner\^e.  The  poisonous  agents 
include  quinin,  methyl  alcohol,  iodoform,  lead,  etc.  Ambly- 
opia from  alcohol  and  tobacco  is  considered  under  retrobulbar 
neuritis,  page  399;  amblyopia  from  hemorrhage,  page  469. 

Quinin  Amblyopia. — In  individuals  susceptible  to  the  action 
of  cinchona  bark,  or  those  in  whom  it  has  been  absorbed  in  toxic 
doses,  axial  neuritis  is  induced,  presenting  the  ophthalmoscopic 
picture  of  retrobulbar  neuritis.  There  is  sudden  loss  of  vision, 
amounting  occasionally  to  absolute  blindness,  that  remains  for 
a  period  of  time  var\'ing  from  a  few  hours  to  several  weeks. 
The  prognosis  is  not  unfavorable,  as  even  in  the  most  severe 
cases  central  vision  is  in  part  restored,  and  in  mild  cases  almost 
completely  so,  although  the  field  of  vision  remains  contracted. 
The  optic  papilla  is  permanently  pale  and  the  arteries  narrowed. 
While  the  amblyopia  persists  there  is  marked  ischemia  of  the 
retina. 

The  immediate  effect  of  the  quinin,  as  proved  by  the  experi- 
ments of  dc  Schweinitz,  is  to  cause  spasm  of  the  vessels  of  the 
retina  and  nerve,  which,  Ward  Holden  has  shown,  is  followed 
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by  degeneration  of  the  ganglion  cells  of  the  retina,  and  ascending 
atrophic  changes  in  the  optic  nerve. 

Methyl  Alcohol  is  used  with  increasing  frequency  in  the 
arts,  and  is  a  growing  cause  of  amblyopia.  It  is  absorbed  into 
the  system  by  contact  with  the  hands  and  arms,  inhalations  of 
its  fumes,  or  by  absorption  through  the  stomach.  Tincture  of 
Jamaica  ginger,  purposely  substituted  for  whisky  by  habitual 
alcohoUc  drinkers,  is  ascribed  by  A.  G.  Thomson  and  other  writers 
as  a  cause  for  acute  retrobulbar  neuritis.  The  toxic  action  is 
due  to  the  methyl  alcohol  used  as  a  substitute  for  the  ethyl 
spirits  in  preparing  the  tincture.  The  sudden  loss  of  vision 
is  followed  by  partial  recovery,  which,  however,  is  seldom  per- 
manent. 

Amblyopia  from  Lead. — The  lead  is  absorbed  by  the  in- 
testinal tract,  by  the  lungs,  and  by  the  skin.  The  field  of  vision 
presents  central  scotoma,  first  for  colors  and  aften\^ard  for  white, 
with  concentric  limitation  of  the  field.  Gradual  diminution  of 
vision  is  in  most  cases  caused  by  a  low  grade  of  optic  neuritis, 
although  the  amblyopia  may  be  unattended  with  \asible  changes 
in  the  eye-ground.  Recovery  is  less  common  than  among  other 
forms  of  toxic  amblyopia.  Treatment  consists  in  the  free  ad- 
ministration of  iodid  of  potassium  and  in  the  remedies  ordinarily 
used  among  workers  in  lead. 

Hemianopsia  (Hemianopia)  is  a  loss  of  one-half  of  the  visual 
field,  either  the  vertical  or  the  lateral,  the  latter  being  much  more 
common.  The  line  dividing  the  seeing  from  the  bhnd  field  is 
horizontal  or  vertical,  or  nearly  so,  except  at  the  fixation  point, 
which  is  in  many  cases  circumscribed  by  a  small  zone  of  the  visible 
field. 

Varieties. — Lateral  hemianopsia  may  be  homonymous  or 
crossed.  Homonymous  hemianopsia  is  a  loss  in  the  same  side 
of  the  field  of  both  eyes.  Thus,  loss  of  the  right  half  of  the  field 
of  each  eye  is  right  lateral  hemianopsia;  loss  of  the  left  half  of  each 
field,  left  lateral  hemianopsia.  These  are  the  most  common 
forms.  Bitemporal  hemianopsia  is  a  loss  of  the  temporal  field 
of  each  eye,  and  binasal  hemianopsia  is  a  loss  of  the  nasal  field 
of  each   eye.    The  dividing-line   may   also   be   oblique,   which 
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The  presence  of  hemianopsia  points  lo  a  lesion  at  the  chiasm^ 
along  the  optic  tracts^  or  in  the  visual  centers  in  the  occipital  lobe. 
A  single  lesion  of  the  tracts  in  the  occipital  lobe  causes  homon\"Tnous 
hemianopsia  on  the  side  opposite  to  the  lesion;  a  lesion  involving 
the  anterior  decussating  fibers  in  the  chiasm  will  cause  bitem- 
poral hemianopsia,  a  lesion  involving  the  lateral  (non-decussating) 
fibers  of  the  chiasm  or  a  double  lesion  affecting  the  outer  halves 
of  the  tracts  will  cause  binasal  hemianopsia,  a  practically  impossi- 
ble condition.  Pressure  of  the  enlarging  pituitary  body  in  acro- 
megaly upon  the  chiasm  is  followed  by  defects  in  the  temporal  por- 
tions of  the  fields^  which  may  be  typically  bitemporal  hemianopsia* 


FXQ.  307.— Field  of  Vision  in  Lett  Lateral  Hemianopsl4. 

Altitudinal  or  vertical  hemianopsia  is  a  loss  of  the  upper  or 
lower  halves  of  the  fields,  due  to  compression  of  the  dorsal  or 
ventral  fibers  of  the  tracts  or  symmetrical  bilateral  cortical  lesions 
(Mills)-  Temporar)^  or  fleeting  vertical  hemianopsia  is  often  an 
indication  of  disturbed  circulation  or  cerebral  venous  stasis  from 
disordered  digestion  or  menstrual  irregularities. 

Sector  defects  and  quadrant  anopsia  are  lo  be  referred  to 
lesions  at  the  base  or  in  the  cortical  centers.  They  are  usually 
associated  with  other  paralyses. 

In  the  early  stages  of  the  hemianopsta  the  ophthalmoscope 
shows  no  changes  from  the  normal.  Atrophy  of  the  nerve  follows 
in  a  small  proportion  of  cases.    The  loss  of  vision  is  usually 
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sudden,  occasionally  preceded  by  headache,  often  with  no  pain. 
It  may  be  complicated  with  hemiplegia,  aphasia,  or  paralysis  of  the 
cerebral  nerves.  The  hemianopic,  or  hemiopic,  pupillary  inaction 
of  Wernicke  is  sometimes  present.  (See  page  456.)  The  causes  are 
hemorrhage,  softening,  tumor,  abscess,  or  other  cerebral  disease. 
The  prognosis  is  unfavorable.  Treaimetit  depends  upon  the  cause. 
In  glaucoma  and  in  some  diseases  of  the  optic  ner\'e  the  field 
may  assume  the  form  of  hemianopsia.  They  are  considered  else- 
where. 

Simulated  Blindness. — Occasions  arise  when  it  becomes 
necessarj'  to  discriminate  between  real  and  pretended  blindness. 
For  example,  persons  desirous  of  securing  large  damages  from 
a  corporation  for  imagined  injuries  received,  or  who  are  impelled 
to  devise  some  excuse  for  avoiding  military  ser\'ice  or  for  the 
purpose  of  bidding  for  sympathy,  declare  that  the  sight  of  one, 
or  indeed  both  eyes,  is  lost.  Negative  ophthalmoscopic  findings 
are  not  sufficient  to  base  the  diagnosis,  since  real  blindness  is 
not  incompatible  with  apparently  normal  eye-grounds.  Disease 
must  be  eliminated  and  deception  proved  by  tests,  of  which  the 
most  trustworthy  are: 

1.  The  Reaction  of  the  Pupil:  In  the  case  of  good  vision, 
and  no  present  or  previous  iritic  disease,  the  pupil  responds 
promptly  to  light  thro^^^l  upon  it,  and  there  is  consensually  an 
equal  response  of  the  other  pupil.  If  vision  is  really  dull,  and 
the  patient  simply  exaggerates  its  defect,  the  movement  of  the 
pupil  will  be  sluggish.  In  blindness,  pupillar}-  reactions  are  gener- 
ally abolished. 

2.  The  Prism  Tests:  Perfect  muscular  balance  is  practi- 
cally inconsistent  with  monocular  blindness.  The  amblyopic  eye 
shows  a  tendency  to  deviate,  usually  outward.  A  prism  of  8 
degrees  base  down  before  one  eye  gives,  when  both  eyes  func- 
tionate, vertical  diplopia.  By  skill  in  the  examination  the  patient 
is  sometimes  misled  in  acknowledging  the  double  image,  a  proof 
that  he  sees  with  both  eyes.  A  more  decisive  test  is  to  hold  a 
])rism  10  degrees  base  out,  before  either  eye.  In  binocular  vision 
the  cornea  before  which  the  prism  is  placed  is  rotated  inward 
unconsciouslv  and  involuntarilv  as  the  false  is  fused  with  the 
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true  image.  Inspection  of  this  eye  will  reveal  its  de\^ated  posi- 
tion. If  the  prism  be  now  removed,  the  eye  can  be  seen  to  rotate 
outward,  so  that  the  object  looked  at  will  be  focused  upon  the 
fovea,  a  positive  indication  of  binocular  vision, 

3-  The  Convex  Spherical  Test  (Harlan) ;  Before  the  healthy 
eye  a  strong  spherical  glass  is  placed  and  a  weak  lens  or  a  plajie 
glass  before  the  amblyopic  eye.  The  patient  is  directed  to  read 
at  the  ordinary  reading  distance.  Comphance  with  this  request 
proves  the  function  of  the  amblyopic  eye. 

4-  The  Test  for  Binocular  Vision  (Wciland)  :  While  the  pa- 
tient is  reading  small  type  on  a  card  held  at  the  usual  distance, 
the  examiner  holds  a  pencil  in  front  of  the  card.  Since  the  pencil 
cuts  off  the  letters  and  words  from  each  eye  at  a  different  place 
on  the  card,  ability  to  read  uninterruptedly  proves  that  both  eyes 
are  functionating* 

Binocular  simulated  blindness  is  rarely  met  with  except  in 
hysteria.  The  difbculties  of  successful  deception  are  sufficiently 
great  to  deter  the  malingerer  from  claiming  that  both  eyes  are 
blind*  In  the  absence  of  ophthalmoscopic  signs,  or  history  of 
blindness  or  bodily  complication,  the  detection  of  this  form  of 
mahngering  is  difficult* 

Colored  Vision  is  complained  of  by  patients  who  have  been 
operated  on  for  cataracts,  AH  objects  are  saturated  with  a 
certain  color,  usually  blue  (kynopsia)  or  red  (er>^thropsia).  It 
is  transient  or  recurring,  and  has  no  pathologic  significance. 

Ttimors  of  the  Optic  Nerve* — New  growths  originating  in 
the  optic  nerve  tissues  are  uncommon.  Mj^comata,  situated  a  few 
millimeters  behind  the  sclera  ^  and  non-pigmental  sarcoma  are 
occasionally  found.  Gummata  and  tuberculosis  have  been  de- 
scribed- The  optic  ner\^e  may  be  invaded  by  tumors  of  the 
sheath  or  by  extension  from  neoplasms  of  the  orbit.  The  ma- 
jority  of  the  growths  of  the  optic  nerve  may  be  classified  under 
one  of  three  heads:  (i)  The  gliomata^  originating  in  the  neuroglia; 
(2)  the  mrcomaia,  originating  in  the  dural  sheath;  and  (3)  the 
endothcliomataj  originating  in  tlie  pial  sheath. 

The  symptoms  of  tumors  of  the  optic  nerve  are  impairment 
of  vision,  contraction  of  the  field,  optic  neuritis  followed  kter  by 
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atrophy,  retinal  hemorrhages,  proptosis,  paralysis  of  the  iris  and 
one  or  more  of  the  external  muscles,  and  partial  immobility  of  the 
globe. 

Treatment. — Operations  for  the  removal  of  the  tumor,  either 
with  or  without  the  globe  as  may  be  indicated,  should  be  resorted 
to  without  delay. 

Hyaline  Bodies  (Drusen), — ^The  disk  may  be  the  site  for  the 
development  of  small  oval  growths  that  resemble  in  appearance 
grains  of  tapioca.  The  affection  is  rare,  appears  at  any  age,  or 
may  be  congenital.  Its  presence  is  not  inconsistent  with  full 
acuity  of  vision.  Limitation  of  the  field,  except  in  the  marked 
cases  when  the  blind  spot  is  unusually  large,  has  not  been  noted. 
The  bodies  consist  pathologically  of  a  hyaline  substance  arranged 
in  concentric  layers  which  undergoes  partial  calcareous  degenera- 
tion.   No  treatment  is  indicated. 


CHAPTER   XVI. 

ANOMALIES  OF  EXTERNAL  OCULAR  MUSCLES. 

Anatomy. — The  globe  is  rotated  in  its  socket  by  six  muscles,  four 
of  which  are  called  straight  and  two  oblique.  The  four  straight  muscles 
arise  from  the  apex  of  the  orbit  and  are  inserted  into  the  sclera  in  its 
anterior  portion  at  var\'ing  distances  from  the  corneal  circumference. 
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Pirii.  in/ 
Fig.  208. — Eye-muscliis  seen  from  the  Front. — {Ajter  Merkel.) . 

The  internal  rectus  (supplied  by  the  third  nerve)  is  inserted  into  the 
sclera  6.6  mm.  from  the  nasal  limbus  of  the  cornea.  It  rotates  the 
cornea  horizontally  nasalward  and  has  no  torsional  action. 

The  superior  rectus  (supplied  by  the  third  nerve)  has  a  tendinous 
insertion  into  the  sclera  8  mm.  from  the  corneal  limbus,  turns  the  eye 
vertically  up,  the  vertical  movement  increasing  as  the  eye  is  abducted 
and  diminishing  as  the  eye  is  adducted.  It  tilts  the  upper  end  of  the 
vertical  meridian  of  the  cornea  in,  more  in  adduction,  less  in  abduction. 

The  external  rectus  (supplied  by  the  sixth  nerve)  is  attached  to  the 
sclera  7  mm.  from  the  outer  limbus.  It  rotates  the  cornea  horizontally 
outward.  It  has  no  action  in  tilting  the  upper  end  of  the  vertical 
meridian  of  the  cornea  to  the  right  or  left,  except  in  extreme  outward 
rotation,  in  paralysis  of  the  third  nerve. 

The  inferior  rectus  (supplied  by  the  third  nerve)  is  inserted  into  the 
sclera  7.2  mm.  from  the  limbus.     It  turns  the  cornea  vertically  down- 
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ward,  the  vertical  movement  increasing  in  adduction,  diminishing  in 
abduction.  It  also  tilts  the  upper  end  of  the  vertical  meridian  of  the 
cornea  outward,  these  movements  increasing  as  the  eye  is  adducted,  de- 
creasing as  it  is  abducted. 

The  superior  oblique  is  a  long  fusiform  double-bellied  muscle  (sup- 
plied by  the  fourth  nerve)  arising  from  the  lesser  wing  of  the  sphenoid, 
passes  for>vard  and  upward  to  the  inner  angle  of  the  bony  orbit,  where 
as  a  tendon  it  plays  in,  and  is  supported  by,  a  fibrocartilaginous  ring 
in  the  fossa  trochlearis.  After  leaving  the  pulley,  its  direction  is  back- 
ward, downward,  and  outward,  and  is  attached  to  the  sclera  16  mm. 
from  the  limbus.  It  moves  the  cornea  down  and  out  and  rotates  the 
upper  end  of  its  vertical  meridian  inward,  both  movements  increasing 
in  abduction,  diminishing  in  adduction. 

The  inferior  oblique  (supplied  by  the  third  nerve)  arises  from  the 
anterior  portion  of  the  floor  of  the  orbit  in  a  depression  in  the  superior 
maxillary  bone.  It  passes  outward,  backward,  and  upward,  and  is 
inserted  into  the  sclera  between  the  upper  outer  and  lower  outer  quad- 
rants of  the  posterior  half  of  the  globe.  It  turns  the  eye  upward  and 
outward,  which  effect  increases  in  adduction  and  diminishes  in  abduc- 
tion. (Weiland  asserts  that  the  action  of  the  inferior  oblique  is  to  turn 
the  cornea  upward  and  inward.) 

Divergence  (Abduction):  The  muscles  concerned  are  the  external 
rectus  and  the  superior  and  inferior  oblique,  governed  respectively  by 
the  sixth,  fourth,  and  third  nerves. 

Convergence  (Adduction) :  The  muscles  concerned  are — the  internal, 
superior,  and  inferior  recti,  governed  by  the  third  ner>'e. 

Sursumvergence  or  supraduction  (turning  the  eyes  up)  involves 
contraction  of  the  sui^rior  recti  and  the  inferior  obliques.  The  lateral 
movement  to  which  the  eyes  are  exposed  by  the  action  of  the  obliques 
is  neutralized  by  antagonistic  muscles,  and  the  corneas  are  turned 
straight  up. 

Deorsumvergence  or  infraduction  (turning  the  eyes  down)  involves 
contraction  of  the  inferior  recti  and  superior  oblicjues,  the  lateral  move- 
ments as  before  being  controlled  by  antagonists. 

Balance  of  the  Ocular  Muscles.—Kvcry  contraction  of  an 
ocular  muscle  or  set  of  muscles  is  acc()mi)aniecl  by  proportionate 
relaxation  of  the  ()])i)()sin^  muscle  or  set  of  muscles.  In  order  that 
single  vision  be  preserved,  a  i)r()i)er  hahince  must  exist  between 
the  forces  that  tend  to  move  the  eyes  in  various  directions.  The 
muscles  are  therefore  in  a  slate  of  partial  contraction  during  full 
consciousness. 

Associated  Movements. — Durin*^  normal  physiologic  activity 
(innervation)  of  the  ocular  ap])aratus  every  movement  of  one  eye 
is  accompanied  by  simultaneous  and  equal  movement  of  the  other. 
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Thus,  in  convergence  each  cornea  at  the  same  moment  and  in 
equal  degree  is  turned  inward;  in  divergence,  outward.  In  right 
lateral  rotation  each  cornea  is  turned  in  equal  degree  to  the  right, 
and  in  left  lateral  rotation  to  the  left.  In  short,  in  all  possible 
movements  of  the  eyes  in  any  direction  the  stimulation  and  re- 
sponse of  the  muscles  are  always  equal. 

Binoctilar  Single  Vision. — ^The  image  of  an  object  to  w^hich 
the  visual  axes  are  directed  is  formed  on  each  fovea,  and  the  images 
of  all  objects  outside  of  the  point  of  fixation  (included  in  the  field 
of  vision  of  both  eyes)  are  focused  on  corresponding  points  of  each 
retina.  Thus,  binocular  single  vision  insures  a  single  mental 
impression  of  every  object.  Disturbance  of  the  motor  apparatus 
by  palsy  of  one  of  the  ocular  muscles  exposes  non-corresponding 
points  in  the  two  retinas  to  the  rays  proceeding  from  the  object 
sur\'eyed,  and  two  images  are  therefore  cast  on  different  portions 
of  the  two  retinas,  and,  being  so  conveyed  to  the  brain,  double 
vision  or  diplopia  results. 

Position  of  Rest. — It  is  assumed  that  during  waking  hours 
the  position  of  the  eyes  in  which  the  muscles  are  subjected  to  the 
least  strain  is  that  of  parallelism  of  the  visual  axes,  /.  e.,  when 
directed  to  a  point  6  meters  or  farther  away.  In  all  other  positions 
of  the  visual  axes  more  or  less  effort  is  required.  The  functional 
position  of  rest  is  parallelism,  the  anatomic  position  of  rest  is 
divergence,  of  the  visual  axes. 

The  Point  of  Fixation  is  the  point  toward  which  the  patient's 
gaze  is  directed.  A  line  drawn  from  this  spot  to  the  macula 
corresponds  to  the  visual  axis. 

The  Fixing  Eye. — In  orthophoria  both  eyes  are  fixing  eyes; 
in  heterophoria  the  eye  that  the  patient  uses,  and  upon  the  fovea 
of  which  the  image  of  the  object  looked  at  falls,  is  the  fixing  eye. 
The  deviating  or  squinting  eye  has  its  oj)tic  axis  turned  away 
from  the  fixation  point,  and  the  image  of  the  test  object  is  formed 
upon  the  retina  at  a  point  removed  from  the  fovea. 

Central  Fixation  is  the  fixation  by  the  fovea  of  the  image  of 
the  object  seen.  In  peripheral  (eccentric)  fixation  some  portion 
of  the  retina  other  than  the  fovea  is  directed  toward  the  object. 

The  Motor  Field  is  practically   identical   with  the  field   of 


ABNORMAL  OCULAR  MOVEMENTS.  415 

fixation.  Its  limits  may  be  determined  by  perimetric  measure- 
ment, or,  better,  by  the  tropometer  of  Stevens  (Fig.  252). 

Projection  is  the  position  in  space  conceived  to  be  occupied  by 
objects  whose  images  are  formed  on  the  retina;  the  left  half  of  the 
field  belonging  to  the  right  half  of  the  retina;  the  right  half  of  the 
field  belonging  to  the  left  half  of  the  retina;  the  upper  half  of  the 
field  to  the  lower  half  of  the  retina,  and  the  lower  half  of  the  field 
to  the  upper  half  of  the  retina.  The  point  of  fixation  is  the  center 
of  the  field,  and  is  the  projection  of  the  fovea.  The  correspond- 
ing points  in  each  retina  ensure  single  vision. 

Abnormal  Ocular  Movements.— The  deviations  from  equi- 
librium may  be  divided  into  two  general  classes:  (I)  Organic^ 
manifested  by  double  vision  during  the  attempt  to  rotate  the  eye- 
balls in  the  direction  governed  by  the  paralyzed  muscle  or  muscles; 
(II)  Fufictionaly  manifested  by  (i)  a  tendency  to  incoordination  of 
the  muscles,  the  actual  deviations  of  the  visual  axes  being  prevented 
by  either  increased  or  decreased  innerv^ation  to  the  muscle  or  group 
of  muscles  concerned;  (2)  an  actual  turning  of  one  visual  line  from 
that  of  the  other,  persisting  through  all  movements  of  the  eyeballs. 
For  purposes  of  study  the  muscle  anomalies  may  be  classified  as 
follows: 

I.  I  i  Intracranial. 

Organic   Anomalies  ^  Paralytic  Strabismus.  ^  Orbital. 

(Palsies).  J  (  Peripheral. 

C  Ksophoria. 
T.  Tendencies  to  Deviation   /  Kxophoria. 
i  (Heterophoria).         j   Hyperphoria. 

I  V  Hypophoria. 

Functional  Anoma-      2.  Actual  Deviation  (Con-     |  Esotropia.        )    . ,    rnot;«„ 
lies.  I       comitant*  Strabismus ;    ^Exotropia,       f  .CC^^Sf.' 

I        Heterotropia).  J  Hypcrtropia.   ) 


I.   Paralysis  of  thk  Ocular  Muscles. 

Ocular  Palsies,  acquired  or  congenital,  are  of  intracranial, 
orbital,  or  j)eriphcral  origin. 

Etiology. — ^The  intracranial  causes  arc  meningitis,  periostitis, 
tumors,  hemorrhages,  wounds,   and  vascular  changes,  such  as 


*  Moving  with  its  associate  in  all  directions. 
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atheroma,  aneurism,  embolus,  or  thrombus.  The  orbilaJ  and 
peripheral  causes  are  tumors,  wounds,  orbilal  cellulitis^  and  de- 
generation of  the  nen^es  within  the  muscles,  commonly  ascribed 
to  rheumatism.  The  constitutional  causes  of  the  intracranial  and 
orbital  affections  are  tuberculosis,  s)T>hilis,  tabes  and  general 
paralysis  of  the  insane^  diphtheria,  diabetes,  nephritis,  influenza, 
hysteria,  sunstroke,  and  many  of  the  rarer  central  ner\^ous  diseases. 

Congenital  ocular  palsies  may  be  traumatic  (from  forceps 
deliver}'),  inflammatory  (from  cranial  or  orbital  tumors),  or  due  to 
arrested  development*  Ptosis  and  divergence  are  the  most  fre- 
quent forms.  Uncomplicated  ptosis  is  generally  due  to  a  nuclear 
lesion.  It  is  often  associated  with  inability  to  turn  the  eye  upward 
from  absence  or  paralysis  of  the  superior  rectus  muscle*  In  in- 
strumental delivery*  the  long  course  of  the  sixth  nerve  at  the  base; 
of  the  brain  exposes  it  to  pressure  and  loss  of  function  from  trau* 
matism  or  hemorrhage*  Ophthalnwplegla  (parah'sis  of  all  the 
ocular  muscles)  is  occasionally  congenital  or  is  due  to  acquired 
nuclear  disease. 

Although  a  sudden  paralysis  of  one  of  the  extrinsic  muscles  of 
the  eye  may  be  the  result  of  rheumatism,  gout^  or  other  systemic 
affections  which  are  associated  mth  the  development  of  tojons, 
the  rapid  and  usually  temporal)^  paralyses  of  one  or  more  of  the 
muscles  supplying  the  eyeballs  and  eyelids  are  often  the  first  sign 
of  sclerosis  of  the  spinal  cord.  The  association  ^Alth  the  palsies 
of  decreased  or  exaggerated  patellar  reflexes,  loss  of  coordination, 
or  other  indications  of  spinal  disease  will  assist  in  determining 
the  etiologic  factor* 

Symptoms.— The  main  symptoms  of  palsies  are:  (i)  Diplopia; 
(2)  limitation  of  movement;  (3)  strabismus;  14)  false  projection; 
(5)  vertigo;  (6)  vicarious  rotation  of  the  head, 

Ip  Diplopia. — The  relative  position  of  the  true  and  false 
image,  whether  horizontal  or  vertical,  and  the  distance  between 
them,  are  important  diagnostic  points.  The  diplopia  is  present 
only  in  that  part  of  the  binocular  field  governed  by  the  paralyzed 
muscle.  In  all  paralyses  of  the  ocular  muscles  the  image  of  the 
deviating  eye  (false  image)  is  always  in  a  position  opposite  to 
the  direction  in  which  the  cornea  is  turned. 
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Homonymous  diplopia  is  a  symptom  of  internal  de\iation; 
crossed  diplopia  of  external  de\iation.  The  former  is  caused  by 
paralysis  of  one  or  both  external  recti,  the  latter  by  paralysis  of 
one  or  both  internal  recti.  If  the  false  image  lies  to  the  right  of 
the  true,  there  will  be  paralysis  of  the  right  externus  or  left  intemus; 
if  to  the  left,  paralysis  of  the  left  externus  or  right  internus;  if 
above,  paralysis  of  the  elevators  of  either  eye;  if  below,  paralysis 
of  the  depressors  of  either  eye.  The  false  image  separates  from 
the  true  as  the  test  object  is  carried  further  into  the  field  controlled 
by  the  paralyzed  muscle. 

The  diagnosis  is  made  by:  (i)  The  relative  position  of  the  two 
images;  (2)  the  relative  rapidity  of  movement  of  the  false  image 
as  the  test  object  is  carried  in  all  directions;  (3)  the  loss  of  parallel- 
ism of  the  vertical  or  horizontal  axes  of  the  two  images,  the  tihing 
of  the  false  image  becoming  more  marked  in  the  periphery  of  the 
binocular  field;  (4)  the  conscious  fixation,  or  the  patient's  testimony 
as  to  which  is  the  true  and  which  is  the  false  image. 

In  paralysis  of  the  obliques,  the  upper  extremity  of  the  false 
image  is  markedly  tilted  toward  (palsy  of  the  superior  oblique) 
or  away  (palsy  of  the  inferior  oblique)  from  the  true  image. 

2.  Limitation  or  loss  0}  movement  is  invariably  in  the  direc- 
tion of  the  action  of  the  affected  muscle.  The  sound  eye  follows 
the  movement  of  a  test  object  carried  in  the  direction  of  the  action 
of  the  muscle  paralyzed.  The  cornea  of  the  paralyzed  eye,  how- 
ever, will  be  seen  to  stop  at  the  median  line  in  complete  paralysis; 
or,  if  it  can  be  rotated  past  the  median  line,  its  movement  will  be 
spasmodic.  In  partial  paralysis  the  limitation  of  movement  may  be 
so  slight  as  to  escape  attention,  particularly  in  the  case  of  paralysis 
of  the  obliques  or  the  superior  or  inferior  recti,  and  the  diagnosis 
will  rest  almost  entirely  upon  the  relation  of  the  double  images. 

3.  Strabismus. — The  eye  is  turned  by  the  unopposed  muscles 
away  from  the  paralyzed  muscle  {primary  deviation).  If  the 
sound  eye  is  covered,  it  will  assume  the  squint  of  the  affected  eye. 
This  secondary  deviation  is  more  pronounced  than  the  primary, 
since  the  extremely  strong  innerv^ation  necessar}'  to  stimulate  the 
paralyzed  muscle  involves  overaction  of  the  associated  muscles 
in  the  sound  eve. 
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4.  False  Projection, — Objects  in  space  cannot  be  accurately 
located  because  of  the  want  of  coordination  of  muscles  normally 
associated  in  action.  A  test  object  is  assumed  not  to  be  in  its 
true  position,  but  in  the  field  governed  by  the  affected  muscle. 

5.  Vertigo  is  most  annoying  in  the  early  stages  of  paralysis, 
and  is  due  to  the  false  projection  and  diplopia.  It  disappears 
entirely  upon  excluding  the  deviating  eye  and  partially  upon  ex- 
cluding the  sound  eye. 

6.  Vicarious  Positions  of  the  Head. — Compensation  for  the 
deviation  of  the  eye  is  attempted  by  rotation  of  the  head  so  that 
the  least  demand  is  made  upon  the  paralyzed  muscle.  In  this 
way  double  images  are  avoided  over  a  much  larger  portion  of  the 
common  field  than  if  the  head  is  held  erect. 

Left  Internut.  Right  Internus. 

ii     ii 

Fig.  209. — Relation  of  Images  in  Paralysis  of  Internal  Rectus. 
True  image  is  solid. 


Palsies  of  Individual  Branches  of  the  Oculomotor  Nerve. — 
Internal  Rectus. — The  eye  is  diverged,  rotation  of  the  cornea 
inward  past  the  middle  line  is  limited  or  abolished,  and  the  head 
is  tilted  in  the  direction  opposite  to  the  line  of  vision  of  the  diver- 
gent eye.  The  diplopia  is  crossed,  the  false  image  separating  from 
the  true  as  the  test  light  is  carried  to  the  left  (right  internus  paral- 
yzed) or  to  the  right  (left  internus  j^aralyzed).  The  two  images 
are  on  the  same  horizontal  plane  except  at  the  extreme  periphery, 
where  the  false  is  slightly  higher  than  the  tnie  and  the  upper 
extremity  of  the  vertical  meridian  is  tilted  away  from  it. 

Paralysis  of  one  internal  rectus,  unassociated  with  palsy  of 
some  or  all  of  the  other  muscles  supj^lied  by  the  third  nerve  of  the 
same  side,  or  with  the  opposite  internus  (paralysis  of  convergence), 
is  extremely  rare.     The  lesion  may  be  muscular  degeneration  of 
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congenital,  idiopathic,  or  traumatic  origin,  or  it  may  be  a  minute 
nuclear  or  fascicular  disease. 

Superior  Rectus. — The  cornea  is  turned  slightly  downward, 
and  efforts  to  elevate  it  beyond  the  horizontal  line  cause  it  to  turn 
outward.     Diplopia  occurs  in  the  upper  half  of  the  field  of  vision. 

Left  Superior  Rectus.  Right  Superior  Rectus. 

it  \i 

Fig.  210.— Relation  of  Images  in  Paralysis  of  Superior  Rectus. 
True  image  is  solid. 

The  image  belonging  to  the  affected  eye  is  higher  than  the  true,  the 
vertical  distance  between  them  increasing  as  the  test  object  is 
carried  upward.  The  upper  extremity  of  the  vertical  axis  of 
the  false  image  is  tilted  away  from  the  true  image.  The  head 
is  thrown  backward. 

Left  Inferior  Rectus.  RiK^t  Inferior  Rectus. 

li  A 

Vie.  211. — Relation  of  Images  in  Paralysis  of  Inferior  Rectus. 
True  image  is  solid. 

Inferior  Rectus. — The  upward  and  outward  squint  is  slight. 
The  movement  of  the  eye  downward  is  limited.  The  vertical 
(iiplo])ia  is  in  the  lower  field,  the  lower  image  belonging  to  the 
affected  eye.     lis  u])per  end  is  tilted  toward  the  true  image. 
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Inferior  Oblique. — The  elevation  of  the  eye  is  limited, 
especially  in  adduction,  although  no  deviation  is  apparent.  Dip- 
lopia is  in  the  upper  half  of  the  field,  the  false  image,  with  its 
upper  end  tihed  away  from  the  true  image,  is  above  the  true 
and  on  the  side  of  the  diseased  eye. 

Special  Palsies. — The  most  frequent  of  the  individual  ocular 
palsies  is  that  of  the  external  rectus  muscle,  on  account  of  the 
long  course  of  the  sixth  ner\'e  at  the  base  of  the  brain.  The 
order  of  frequency  of  the  other  palsies  is  as  follows:  unilateral 
oculomotor,  superior  oblique,  inferior  rectus,  superior  rectus,  in- 
ternal rectus,  and  inferior  oblique. 

Oculomotor  Nerve. — In  palsy  of  the  third  nerve  the  symp- 
toms are — Crossed  diplopia:  The  false  image,  seen  by  the  affected 

Left  Inferior  Oblique.  Right  Inferior  Oblique. 


Fio.  212. — Relation  of  I^iages  in  Paralysis"  of  Inferior  Obuque. 
True  image  is  solid. 

eye,  is  projected  to  the  opposite  side  of  the  field  from  the  affected 
muscle  and  its  upper  extremity  is  slightly  tilted  from  it.  Com- 
plete ptosis:  The  upper  lid  droops  over  the  ball  and  can  be  raised 
only  by  the  aid  of  the  occipitofrontalis.  Voluntar}-  contraction  of 
the  levator  is  impossible.  If  the  ptosis  is  double,  the  head  is 
thrown  far  back  in  order  to  give  the  corneas  relatively  lower 
positions,  or  practically  to  widen  the  commissure.  Deviation  and 
immobility:  The  cornea  is  turned  outward  and  slightly  do^vnward, 
Inward  and  upward  rotation  past  the  median  line  is  abolished, 
Dilatation  of  the  pupil:  The  circular  muscular  fibers  of  the  iris 
are  paralyzed,  the  pupil  is  moderately  dilated  and  unresponsive 
to  light  and  other  stimuli.  The  pupil  may  be  further  dilated  by 
mydriatics.  Failure  of  accommodation:  The  loss  of  accommoda- 
tion from  paralysis  of  the  ciliar\'  muscle  is  equivalent  to  the  loss 
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of  reading  power.  This  is  determined  by  placing  a  glass  of  known 
focal  distance  before  the  eye.  In  emmetropia,  the  patient  with 
paralyzed  accommodation  will  read  at  the  focal  distance  of  the 
glass;  in  hyperopia  at  a  greater,  and  in  myopia  at  a  less  distance. 
Recurrent  Oculomotor  Palsy  is  a  temporary  paralysis  of 
probably  nuclear  origin.  The  loss  of  function  persists  for  several 
months,  and  recovers  only  to  relapse  after  an  interval  of  weeks 
or  months,  increasing  in  severity  and  duration  with  each  attack 

Left  Externus.  Right  Externut. 

ii    li 

Fig.  213. — Relation  of  Ijiages  in  Paralysis  of  External  Rectus. 

until  it  becomes  permanent.     Vascular  disturbance  in  the  floor 
of  the  fourth  ventricle  is  its  probable  cause. 

External  Rectus  (Abducens  Palsy ^  Sixth  Nerve), — ^The  eye 
is   strongly  converged  and  cannot  be  rotated  outward  past  the 

Left  Superior  Oblique.  Right  Superior  Oblique. 


Fig.  214. — Relation  of  Images  in  Paralysis  *of  Superior  Oblique. 

median  line.  The  diplopia  is  homonymous,  and  the  two  images 
are  on  the  same  horizontal  plane. 

Abducens  palsy  is  a  frequent  sign  of  fracture  of  the  skull  or 
of  syphilitic  or  other  inflammatory  process  at  the  base,  especially 
of  the  pons.  Acquired  infantile  palsy  may  be  traceable  to  forceps 
delivery.  The  prognosis  is  unfavorable.  Recurring  isolated  palsy 
of  the  external  rectus  is  one  of  the  early  signs  of  tabes. 

Superior   Oblique  (Trocklearis  PalsVy  Fourth  Nerve). — ^The 
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diplopia  is  in  the  lower  field,  the  lower  image  belonging  to  the 
affected  eye  and  its  upper  extremity  inclining  toward  the  true 
image.  The  vertical  distance  between  the  images  increases  as  the 
eye  is  depressed  and  adducted.  If  the  eye  is  strongly  rotated 
outward,  obliquity  of  the  false  image  will  increase.  Fusion  of  the 
images  is  accomplished  by  turning  the  head  downward  and  toward 
the  opposite  side.  This  form  of  palsy  is  especially  annoying  in 
walking  and  reading. 

Conjugate  Palsy. — Inability  to  turn  the  eyes  in  associated 
action  in  certain  directions  is  a  rare  affection,  but  it  is  sometimes 
seen  in  disease  of  the  cerebral  cortex,  of  the  internal  capsule 
and  its  neighborhood,  and  of  the  pons.  //  is  not  a  symptom  of 
paralysis  oj  any  one  or  more  oj  the  ocular  muscles.  The  muscles 
and  the  nerve  branches  and  trunks  supplying  them  are  not  neces- 
sarily involved. 

Conjugate  palsies  may  affect:  (i)  Convergence:  The  eyes 
cannot  be  converged,  although  either  eye  is  capable  of  being 
turned  in  all  directions.  (2)  Divergence:  Since  normally  diver- 
gence of  the  ocular  axes  simultaneously  beyond  the  middle  line 
is  impossible  without  the  aid  of  prisms,  paralysis  of  divergence 
can  be  detected  only  by  the  inability  of  the  eyes  to  rotate  together 
outward  from  a  position  of  convergence,  although  the  power  of 
turning  either  eye  individually  outward  is  not  lost.  (3)  Vertical 
movement  beyond  the  middle  line  either  upward  or  downward  is 
impossible,  although  each  eye  may  be  rotated  independently  of 
the  other.  In  all  cases  the  lesion  is  cerebral  and  involves  the 
centers  of  conjugate  movement. 

The  prognosis  is  unfavorable,  and  the  treatment  is  that  of 
the  causative  disease  of  the  brain.  Conjugate  palsy  may  be  a 
symptom  of  hysteria  in  which  there  is  no  demonstrable  cerebral 
lesion.     In  such  cases  the  prognosis  is  j^ood. 

Ophthalmoplegia  externa  is  a  complete  paralysis  of  all  the 
external  muscles  of  one  or  both  eyes.  The  affected  eye  gradually 
becomes  fixed  in  the  orbit,  incapable  of  movement,  protruding  and 
divergent,  and  the  lid  droops.  In  associated  paralysis  of  the  iris 
and  ciliary  body,  the  affection  is  known  as  ophthalmoplegia 
totalis.     The  pupil  is  dilated  and  unresjKmsive,  and  the  accom- 
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modation  is  paralyzed.  The  paralysis  is  due  to  a  lesion  involving 
the  nuclei  of  the  nerves.  External  ophthalmoplegia  is  commonly 
a  late  complication  of  locomotor  ataxia. 

Treatment  of  Ocular  Palsies. — Diplopia  should  be  promptly 
relieved  by  covering  the  affected  eye  by  a  screen.  Prisms 
are  of  little  value.  Internal  remedies,  efficacious  only  in  recent 
cases,  should  be  directed  to  any  diathesis  that  may  coexist.  Since 
the  majority  of  cases  are  due  either  to  syphihs,  gout,  diabetes, 
or  autointoxication,  the  sweat  cure  is  valuable.  A  daily  heavy 
sweat  is  induced  by  a  hot  bath  and  by  pilocarpin.  The 
iodids,  mercur}^  and  the  salicylates  are  also  indicated.  A  non- 
nitrogenous  diet  and  copious  drinking  of  diuretic  waters  are 
of  use.  Isolated  ocular  palsies  occurring  in  adult  life  in  an 
apparently  healthy  individual  should  arouse  suspicion  of  tabes. 
Ever)'  such  suspect  deserves  study  of  the  pupil  for  the  Argyll- 
Robertson  phenomenon.  Gouty  palsies  generally  mean  ob- 
literating endarteritis  or  hemorrhage  in  the  floor  of  the  fourth 
ventricle.  The  treatment  of  traumatic  palsies  is  that  of  the 
fracture  itself.  The  palsies  of  inflammation  or  tumors  of  the 
brain  and  its  membranes  ought  always  be  subjected  to  the  sweat 
cure,  inunctions,  and  ascending  doses  of  iodids,  unless  the  palsy 
is  plainly  due  to  the  encroachment  of  a  tubercular  focus,  in 
which  case  therapy  is  unavailing.  The  value  of  str)xhnin  is 
problematic.  Other  measures  are:  (i)  Faradization  by  the  epi- 
scleral method  of  Buzzard,  which  allows  the  negative  current  to 
pass  through  the  operator's  little  finger  directly  to  the  tendon 
of  the  palsied  muscle;  (2)  the  orthoptic  treatment  as  proposed 
by  Michel,  who  seizes  the  tendon  of  the  palsied  muscle  with 
forcej)s  and  then  forcibly  extends  it  for  a  minute  several  times 
in  succession.  This  is  done  daily.  Tenotomy  of  the  contract- 
ing muscle  or  advancement  of  the  paralyzed  one  is  seldom  bene- 
ficial. 

II.  FcNCTioNAL  Muscular  Anomaliks. 
Functional  anomalies  are  latent   (heterophoria)  or  manifest 
(heterotropia ).     In  the  former  there  is  no  deviation,  but  a  tendency 
to  deviate,  and  the  eyes  act  together  under  protest;  in  the  latter 
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there  is  an  actual  turning  of  one  eye,  and  vision  is  accomplished 
by  one  or  the  other  eye  but  never  by  both  simultaneously.  In 
both  conditions  muscular  tension  is  unequal,  one  set  of  muscles 
receiving  a  greater  stimulation  than  its  opposing  set.  Both  the 
tendency  to  deviate  and  the  actual  deviation  are  not  the  results 
of  disease  but  of  a  loss  of  coordination  from  either  excessive  or 
deficient  innervation.  There  is  no  paralysis.  The  cause  of  90 
per  cent,  of  the  cases  is  to  be  found  in  an  abnormal  demand 
upon  the  ciliary  muscle.  In  csophoria  and  esotropia  the  refrac- 
tion is  generally  hyperopic,  and  the  necessarj-  extra  accommodative 
effort  disturbs  the  equihbrium.  In  exophoria  and  exotropia  the 
refraction  is  usually  myopic,  and  the  partially  or  wholly  suspended 
accommodation  again  disturbs  the  muscular  equilibrium.  In 
upward  or  downward  tendencies  or  deviations  the  refraction  may 
be  either  hyperopic  or  myopic.  Consideration  of  the  functional 
anomaUes  must  include  a  knowledge  of  the  physiology  of  the 
muscles  as  well  as  of  the  refraction  of  the  eye. 

I.  Latent  Deviations  (Heteroplwria),— The  classification 
suggested  by  Stevens  is  generally  followed  in  designating  latent 
defects  of  the  ocular  muscles.  Orthophoria  means  perfect  equilib- 
rium of  the  muscle  movements;  heterophoria,  a  tendency  to  de\4a- 
tion.    The  varieties  of  heterophoria  are: 

Esophoria,  a  tendency  of  the  visual  axes  to  deviate   inward. 

Exophoria  J  a  tendency  of  the  visual  axes  to  deviate  outward. 

Hyperphoria^  a  tendency  of  the  visual  axis  of  one  eye  to  deviate 
above  the  plane  of  the  other. 

Hypophoria,  a  tendency  of  the  visual  axis  of  one  eye  to  deviate 
below  the  plane  of  the  other. 

In  addition  to  the  above  terms,  the  following  are  also  used: 

Hypercxophoria,  a  tendency  of  the  visual  axis  of  one  eye  to  deviate 
upward  and  outward. 

Hyperesophoria,  a  tendency  of  the  visual  axis  of  one  eye  to  deviate 
upward  and  inward. 

Anaphoria,  diminished  depression  of  both  corneas. 

Kataphorioy  diminished  elevation  of  both  corneas. 

Cyclophoria,  insufficiency  of  the  oblique  muscles. 

Diagnosis  of  Heterophoria. — There  is  no  diplopia  and 
no  deviation  of  the  visual  axis.     The  defect  consists  in  a  want 
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of  proper  relation  or  of  equilibrium  between  the  muscles  of  both 
eyes.  In  order  to  determine  its  presence,  the  latent  defect  must 
be  made  manifest.  This  is  secured  either  by  producing  artificial 
diplopia  or  by  tests  that  will  so  change  the  test  object  that  the 
brain  will  be  deceived  into  believing  that  it  perceives  two  objects 
instead  of  one;  in  other  words,  the  fusion  force  of  the  nerve  power 
guided  by  the  sensorium  is  held  in  abeyance,  so  that,  the  impulse 
to  binocular  vision  having  been  removed,  the  eyes  are  free  to 
move  in  the  direction  of  the  action  of  the  strongest  sets  of 
muscles. 

Methods  of  Tests. — ^The  diagnosis  of  heterophoria  is  made  by 
(i)  the  prism  test,  (2)  the  Maddox  rod  test,  (3)  the  cobalt  test,  (4) 
the  cover  test,  (5)  the  parallax  test.  All  these  are  made  at  a  dis- 
tance of  6  meters  or  more,  as  are  also  the  musculo-dynamic 
tests— adduction,  abduction,  supraduction,  and  infraduction.  The 
near  test  is  made  at  the  ordinary  occupation  distance  (about  J 
meter). 

It  is  immaterial  before  which  eye  the  test  instruments  are 
placed,  since  it  is  not  the  muscular  power  of  one  or  both  eyes  to  be 
determined,  but  the  coordinating  power  of  the  two  eyes,  including 
not  only  the  power  of  these  muscles,  but  also  the  ner\^e  energy 
that  governs  their  movements.  With  the  normal  fusion  impulse 
in  abeyance,  the  direction  of  the  deviation  of  one  visual  line 
is  always  opposite  to  the  position  of  the  image  seen  by  that  eye. 

Prism  Test. — Vertical  diplopia  is  produced  by .  a  prism 
(8  degrees)  with  its  base  up  or  down.  If  the  two  images  lie 
in  a  vertical  line,  the  horizontal  muscles  are  in  equilibrium.  If 
the  image  seen  by  the  right  eye  is  to  the  right,  or  that  of  the  left 
eye  to  the  left,  of  an  imaginary  vertical  line  running  through 
either  of  them,  the  eyes  are  in  a  position  of  convergence,  and 
esophoria  is  present.  If  the  image  seen  by  the  right  eye  is  to 
the  left,  or  that  seen  by  the  left  eye  to  the  right,  the  eyes  are  in 
the  position  of  divergence,  or  cxophoria. 

To  test  vertical  equilibrium  a  prism  (8  degrees  or  10  degrees) 
is  placed  base  in  before  either  eye  to  produce  horizontal  diplopia. 
If  one  image  is  higher  than  the  other,  there  is  lack  of  equilibrium 
of  the  vertical  muscles,  and  hyperphoria  is  present;  if  the  left 
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image  is  higher  than  the  right,  right  h>*perphoria**  The  prism 
test  does  not  always  indicate  true  tendencies  of  the  visual  aj^es, 
and  is  inferior  to  some  of  the  other  tests,  because  the  extra*foveal 
region  of  one  eye  is  compared  with  the  fo%'eal  region  of  the  oihen 
Maddax  Rod  Test, — The  muhiple   or  sintrU"   rod   is  cssen- 


Fig.  315.— Maddox  Si?jglb  Rod. 


Fio-  a  1 6. — Mabikjx  Multiple  Rod* 


tially  a  strong  cylinder,  distorting  a  point  of  light  into  a  line  or 

streak. 


Fig,  aijf. — Tests  wttb  Maddox  Rod  before  Right  Eve:    (t)  Orlhophoim; 
(3)  cxophoiia;  (3)  esophoria* 

To  test  lateral  imbalance  the  rod  is  placed  horisjontally,  when 
its  refracted  light  will  appear  as  a  vertical  streak.  If  the  streak 
passes  direclly  through  the  lights  lateral  equilibrium  exists;  if  to 


♦Since  the  only  two  possible  conditjons  of  veiticaJ  insufficiency'  tnay  he  ex- 
pressed by  tbe  word  *'h)perphor)a'*  wiih  ihe  adjective  right  or  left,  ibe  expression 
"hypophoria^*'  indicating  that  the  mual  line  of  one  eye  is  lower  than  ihat  of  the 
other,  is  unnecesis&Ty  and  confusing. 
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the  right  of  the  light,  with  the  rod  before  the  right  eye,  there  is 
esophoria;  if  to  the  left  of  the  light,  cxophoria. 

To  test  the  vertical  muscles  the  rod  is  rotated  into  a  vertical 
position,  and  its  refracted  streak  will  be  horizontal.  If  the  streak 
passes  through  the  light  there  is  vertical  balance;  with  the  rod 
before  the  right  eye,  the  streak,  if  above,  indicates  left  hyperphoria; 
if  below,  right  hyperphoria. 

The  Cobalt  Test. — A  cobalt  glass  modifies  the  real  image 
sufficiently  to  destroy  fusion  and  make  the  patient  conscious  of 
two  images.  If  the  cobalt  glass  be  placed  before  the  right  eye,  and 
the  patient  sees  the  real  image  intermingled  with  the  purple  one, 
the  two  images  arc  superimposed,  and  the  visual  axes  are  directed 
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Fig.  218. — Tests  with  Rod  before  Right  Eye:  (4)  Orthophoria;  (5)  right 
hyperphoria;  (6)  left  hyperphoria. 


to  the  same  point — orthophoria.  If  the  cobalt  image  is  to  the 
right,  there  is  esophoria;  if  to  the  left,  exophoria;  if  higher,  left 
hyperphoria;  if  lower,  right  hyperphoria.  The  degree  of  prism 
required  to  fuse  the  two  images  will  be  the  measure  of  the  heter- 
ophoria.  For  low  grades  of  heterophoria  the  cobalt  glass  test  is 
valueless,  but  for  most  cases  of  heterophoria  and  all  cases  of  heter- 
otropia  this  test  is  a  distinct  advantage  over  most  of  the  others, 
since  it  is  simj)lc,  easily  made,  and  entirely  reliable. 

Cover  Test. — One  eye  is  covered  and  the  other  fixes  a  dis- 
tant or  a  near  object.  Tendency  to  deviation  of  the  visual  axes 
is  shown  by  an  actual  turning  of  the  covered  eye  and  its  return 
to  the  coordinated  j^osition  that  it  previously  held  at  the  moment 
the  cover  is  withdrawn.     Thus,  in  esoj)h()ria  the  shielded  eye  will 
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be  turned  inward,  in  exophoria  outward,  and  in  hyperphoria  up- 
ward. The  extent  of  the  movement  of  recover}'  is  a  rough  guide 
to  the  degree  of  the  latent  deviation.  A  more  accurate  estimate 
of  the  deviation  is  the  degree  of  prism  placed  before  the  deviating 
eye  that  will  neutralize  these  excursions. 

The  Parallax  Test. — ^The  apparent  movement  of  the  object 
looked  at  when  the  cover  is  carried  alternately  from  one  eye 
to  the  other  is  a  means  of  diagnosing  heterophoria.  If  the  light 
appears  to  the  patient  to  move  in  the  same  direction  as  the  cover 
is  carried,  exophoria  is  present;  if  in  the  opposite  direction,  esopho- 
ria;  if  upward  or  downward,  hyperphoria.  The  movement  of  the 
light  as  in  the  previous  testing  may  be  controlled  by  prisms,  which 
will  thus  measure  the  heterophoria. 

Musculo-dynamic  Tests. — Adduction, — The  patient  is  seated 
at  6  meters  distant  from  a  small  light,  and  a  prism  of  5  degrees 
is  placed  base  outward  before  one  eye;  the  image  of  the  light  is 
thrown  to  the  temporal  side  of  the  fovea,  producing  diplopia,  which 
is  instantaneously  overcome  by  an  inward  rotation  of  the  same  eye, 
the  other  remaining  always  fixed  on  the  light.  If  another  prism 
of  5  degrees  is  added,  the  same  result  follows,  the  eye  being  turned 
in  twice  as  far.  This  inward  rotation  is  unconsciously  performed, 
the  desire  for  fusion  compelling  rotation  of  the  fovea  outward 
(or  the  cornea  inward)  until  it  reaches  the  site  of  the  image  re- 
fracted by  the  prism.  By  the  gradual  addition  of  prisms  to  those 
already  before  the  eye  further  stimulation  is  induced  until  finally 
the  muscular  response  to  the  innervation  is  mH  sufficient  to  rotate 
the  fovea  further  outward  to  the  position  of  the  refracted  image, 
and  double  vision  ensues.  The  power  of  adduction  equals  the 
strongest  prisms,  bases  out,  that  the  adducting  or  converging 
muscles  can  overcome.  A  convenient  method  of  testing  the 
dynamics  is  by  the  use  of  the  Risley  or  Jackson  rotarj'  prism,  in- 
stead of  the  single  and  separate  ])risms. 

Ahduclion. — ^The  same  process  is  pursued  with  the  prisms 
base  in,  which  refract  the  image  of  the  light  on  the  retina  toward 
the  nasal  side  of  the  fovea.  Outward  rotation  of  the  cornea 
(inward  rotation  of  the  fovea)  is  essential  to  single  vision.  The 
limit  of  abduction  is  reached  when  the  diverging  muscles  cannot 
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overcome  additional  degree  of  prism,  and  is  announced  by  insuper- 
able diplopia. 

Supraduction  and  Injraduction, — Right  supraduciion  or  left 
infraduction  is  the  latent  power  of  the  levators  or  depressors  of  the 
eye  to  vertically  separate  the  visual  axes.  Normally  it  is  impossi- 
ble to  turn  one  eye  up  and  the  other  eye  down,  but  by  means  of 
weak  prisms  it  can  be  demonstrated  that  this  power  is  latent  to 
a  limited  degree.  In  order  to  test  the  supraduction,  prisms  of  i 
degree,  2  degrees,  or  3  degrees  are  placed  base  down  before  one 
eye  while  the  patient  is  looking  at  a  light  6  meters  distant.  The 
power  of  supraduction  is  measured  by  the  strongest  prism  through 
which  the  patient  can  fuse  the  false  and  the  true  image,  and  its 
power  is  exceeded  when  the  prism  is  of 
such  strength  that  single  vision  is  no 
longer  possible. 

The  relative  power  of  adduction 
and  abduction,  and  sursumvergence 
and  deorsumvergence,  have  certain 
known  relations  to  each  other  in  equi- 
librium, but  always  show  variations 
from  the  normal  in  the  presence  of  im- 
balance.    Xormallv  wuth  a  small  light 

,  -.  ^     ,,       .  Fig.  219.  —  RisLEY    Rotary 

at  0  meters  distant,  adduction  averages  Prism. 

20  degrees  to  30  degrees,  abduction  8 

degrees,  and  supraduction  or  infraduction  3  degrees.  Appreci- 
able variatir^ns  from  these  figures  correspond  to  the  heterophoria 
as  fleterminerl  by  other  tests. 

Reading  Distance  Tests.  —  The  most  commonly  employed 
test  for  ne;ir  is  the  (hA  and  line,  suggested  by  von  Graefe.  This 
is  essentially  the  same  as  the  prism  test.  A  prism  of  8  degrees 
placed  base  r|(jwn  before  one  eye  causes  diplopia  while  the 
patient  lr>(>ks  at  a  small  dot,  bisected  by  a  vertical  line.  In 
orthophoria  the  projected  image  of  the  dot  will  be  exactly  above 
the  first  (lot  on  the  vertical  line.  In  testing  the  vertical  muscles 
the  direction  of  the  line  should  be  horizontal.  A  prism  of  10 
to  12  degrees  base  in  will  give  a  false  image  of  the  dot,  which 
in  orthophoria  will  be  on  the  line,  and  in  heterophoria  either 
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above  or  below  the  line.  The  dot  without  the  line  is  a  superior 
test,  since  the  patient  is  without  the  guiding  influence  of  the  line. 

The  dynamics  of  the  muscles  depend  in  great  measure  upon 
the  physical  condition  of  the  patient  at  the  time  of  examination, 
and  no  definite  conclusions  can  be  drawn  unless  the  defect  is 
well  marked  and  beyond  question.  Therefore  before  ordering 
prisms  or  advising  operation  the  tests  should  be  repeated. 

The  general  law  in  regard  to  prisms  aj^plicable  to  all  forms 
of  heterophoria  is:  In  exercising  weakened  muscles  the  base  of 
the  prism  is  to  be  placed  over  the  strong  muscle;  in  prism  cor- 
rection, the  prism  is  worn  with  the  base  over  the  weak  muscle. 

Esophoria  is  a  tendency  of  the  visual  axes  to  turn  in  or  toward 
each  other,  and  is  the  most  frequent  of  the  latent  muscular  anoma- 
lies. This  tendency  is  expressed  by  a  constant  contraction  of 
the  adducting  muscles. 

Etiology. — In  the  majority  of  cases  esophoria  is  the  result 
of  a  disturbance  of  the  relation  between  accommodation  and 
convergence,  induced  by  abnormal  refractive  conditions,  princi- 
pally hyperopia.  The  constant  contraction  of  the  ciliar\'  muscle 
necessary  to  insure  a  perfect  image  is  impossible  without  corre- 
sponding contraction  of  all  the  other  muscles  supplied  by  the 
third  nerve.  Therefore,  overstimulation  of  the  ciliar}'  muscle  is 
accompanied  by  overstimulation  of  the  muscles  of  convergence. 

Symptoms. — Asthenopia,  identical  with  that  due  to  refrac- 
tion errors,  and  reflex  phenomena  are  common. 

Diagnosis.  —  In  artificially  induced  vertical  diplopia  the 
images  are  homonymous.  If  an  8  degree  prism  base  down  is 
placed  before  the  right  eye,  the  hij^her  image  will  be  to  the  right 
of  the  lower  one;  with  the  Maddox  rod  or  cobalt  glass  before 
the  right  eye  the  streak  or  colored  image  will  be  seen  to  the  right 
of  the  light.  The  prism  base  out,  necessar}'  to  bring  the  higher 
light,  the  streak,  or  colored  image  directly  over  the  light,  is  the 
measure  of  the  cso])h()ria. 

Treatment. — Correction  of  the  ojuical  defect  under  thorough 
mydriasis  must  be  made,  and  as  near  a  full  correction  as  will 
be  tolerated  worn,  thus  (juieting  the  accommodation  and  reducing 
the  excessive  stimulation  to  con\er<:ence. 
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Prism  Exercise. — Should  correcting  lenses  fail  to  relieve  the 
symptoms,  abduction  may  be  trained  by  systematic  exercises 
with  prisms  bases  in.  The  maintenance  of  single  \ision  under 
these  conditions  requires  an  unusual  effort  of  divergence,  thus 
developing  the  abducting  power,  at  least  temporarily.  The  exer- 
cise should  be  frequently  repeated,  but  continued  for  not  more 
than  five  minutes  at  any  one  sitting.  The  administration  of 
gradually  ascending  doses  of  the  tincture  of  hyoscyamin,  com- 
mencing with  10  drops,  three  times  daily,  proves  occasionally  an 
efficient  help  to  the  exercise  by  prisms. 

Prism  Correction, — Convergence  of  the  visual  axes  and  relief 
of  the  strain  on  the  abducting  muscles  is  secured  by  wearing 
prisms  bases  out.  The  strength  of  the  prism  should  be  less 
than  the  total  csophoria.  Suppression  of  the  overacting  accom- 
modation by  a  full  correction  of  the  refractive  error  is  more 
rational  treatment. 

Operation  is  rarely  advisable,  and  only  when  the  defect  is 
of  high  degree  and  other  measures  have  failed  to  give  relief. 
The  choice  between  tenotomy  of  the  intemi  or  advancement  of 
the  externi  is  decided  by  the  relative  strengths  of  adduction  and 
abduction.  Esophoria  is,  in  most  cases,  due  to  an  active  con- 
traction of  the  adducting  muscles.  Tenotomy  of  one  or  both 
intern!  therefore  is  the  more  logical  treatment.  Advancement  of 
one  or  both  externi  is  to  be  preferred  when  adduction  cannot  be 
demonstrated  to  be  excessive. 

Exophoria  is  a  tendency  of  the  visual  axes  to  turn  out- 
ward. Divergence  is  prevented  by  supranormal  effort  of  con- 
vergence. 

Etiology. — Exo])horia  is  a  result  of  relaxation  of  the  muscles 
of  convergence,  due  to  prolonged  near-work,  exhaustion  of 
severe  illness,  and  in  anisometropia.  It  is  common  in  myopia, 
because  the  muscles  of  convergence  have  not  been  associated  with 
or  received  the  stimulation  of  accommodation.  Moreover,  the 
elongated  eyeballs  of  myopia  mechanically  accentuate  the  ten- 
dency  toward   divergence. 

Symptoms. — Asthenopia  following  all  near-work  or  prolonged 
fixing  of  the  eyes  on  distant  objects  and  occasional  attacks  of 
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dizziness,  and  headache  arc  the  prominent  symptoms.  Transient 
diplopia  at  the  near-point  is  not  an  infrequent  local  symptom. 

Diagnosis. — Exophoria  is  diagnosed  by  the  tests  described 
for  esophoria.  With  the  prism  test  the  image  belonging  to  the 
right  eye  will  be  on  the  left,  with  the  Maddox  rod  the  streak 
will  be  seen  on  the  side  opposite  to  that  of  the  eye  before  which 
the  rod  is  placed;  with  the  cobalt  glass  the  colored  image  of 
the  flame  will  be  on  the  opposite  side;  in  a  word,  the  false  or 
distorted  image  is  crossed.  Adduction  is  usually  less  than  20 
degrees  and  abduction  8  degrees  or  higher. 

Treatment. — The  correction  of  the  error  of  refraction  is  the 
first  step,  and  will  prove  efficient  in  many  cases.  The  action 
of  the  glasses  in  strengthening  adduction  is  greatly  aided  by  the 
administration  of  ascending  doses  of  tincture  of  nux  vomica, 
continued  for  several  weeks. 

Prism  exercise  is  highly  useful.  Adduction  may  be  brought 
to  the  normal  by  daily  and  systematic  exercise  with  a  prism  of 
15  degrees  base  out,  before  each  eye  alternately.  If  the  prism 
produces  insuperable  diplopia  at  6  meters,  the  patient  must  be 
brought  toward  the  light  until  the  images  are  fused,  or  a  weaker 
prism  substituted.  Fusion  can  occur  only  when  the  muscles  of 
adduction  have  overcome  the  prism  and  have  converged  the 
visual  lines. 

Prism  Correction. — If  these  methods  for  strengthening  con- 
vergence have  failed,  prisms  with  their  bases  in  (lower  in  degree 
than  the  full  amount  of  exophoria)  may  be  worn.  They  are  to 
be  reserved  as  a  temj)orary  ex])edient,  since  their  continued  use 
further  weakens  convergence. 

Operation. — The  logical  surgical  treatment  is  advancement 
or  resection  of  one  or  both  interni.  The  effect  of  tenotomy  of 
the  externi  is  to  decrease  the  power  of  muscles  thai  are  normally 
functionating,  instead  of  increasing  the  power  of  muscles  that 
are  abnormally  weak.  Tenotomy  is  to  be  performed  only  when 
the  tests  have  shown  excess  of  divergence  power. 

Hyperphoria  is  a  tendency  of  one  visual  line  to  a  plane  higher 
than  that  of  its  fellow. 

Etiology. — Faulty  refraction  is  quite  as  potent  in  hyperphoria 
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as  in  csophoria  or  exophoria.  It  is  more  likely  to  be  associated 
with  cranial  and  facial  asymmetr\'  than  either  esophoria  or  exo- 
phoria. 

Symptoms. — H}T)erphoria  may  give  rise  to  much  more  pro- 
nounced symptoms  than  either  of  the  lateral  tendencies.  Hemi- 
cranial,  occipital,  and  temporal  neuralgia,  culminating  in  nausea 
and  vomiting,  chorea,  and  other  nervous  phenomena  are  not 
at  all  infrequent  in  hNTJerphoria.  Temporary  blurring  or  con- 
fusion in  near- work,  and  dizziness  are  common  symptoms. 

Diagnosis. — Two  prisms,  4  degrees  or  6  degrees  each,  are 
placed  before  the  eyes  with  their  bases  in  while  the  patient  looks 
at  a  light  6  meters  distant.  If  the  right  light  is  higher  than 
the  left,  left  hyperphoria  is  present ;  if  the  left  is  higher  than  the 
right,  right  hyperphoria.  With  the  cobalt  glass  before  the  right 
eye  the  colored  flame,  if  lower,  indicates  the  right  hj-perphoria; 
if  higher,  left  hj-perphoria.  With  the  Maddox  rod  before  the 
right  eye  the  streak,  if  below  the  light,  shows  right  hj^^erphoria; 
above,  left  hyperphoria.  The  prism  nccessarj'  to  elevate  or  de- 
press the  streak  until  it  passes  through  the  light  is  the  measure 
of  the  hyperphoria. 

The  diagnosis  is  corroborated  by  the  tests  for  right  and  left 
supraduction.  Should  right  hyperphoria  of  2  degrees  be  diag- 
nosed, one  would  expect  to  find  right  supraduction  2  degrees 
in  excess  of  left  supraduction,  as  determined  by  the  power  of 
the  elevators  of  the  right  eye  and  depressors  of  the  left  to  over- 
come 2  degrees  more  of  prism  than  the  elevators  of  the  left  in 
associated  action  with  the  depressors  of  the  right.  Hyperphoria 
rarely  exists  except  in  combination  with  exophoria  or  esophoria. 
It  must  be  remembered  that  the  elevation  of  the  cornea  depends 
not  alone  upon  the  action  of  the  superior  rectus  muscle,  but  is 
the  result  also  of  the  contraction  of  the  inferior  oblique. 

Prism  Exercise. — Little  can  be  accomplished  toward  regaining 
equilibrium  by  prism  exercise. 

Prism  Correction. — The   tension   on   the   weakened   muscles 

may  l)e  relieved  by  the  constant  wearing  of  prisms  adjusted  with 

their  bases  over  the  weaker  set  of  muscles.     Thus,   in  right 

hyperphoria   of   2   degrees   the  prescription   should   be:  R.   E., 

2S 
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prism  I  degree  base  down;  L.  E.,  prism  J  degree  base  up.  In  left 
hyperphoria  of  the  same  amount  the  prisms  are  reversed.  The 
prisms  should  be  incorporated  with  the  patient's  correcting  glasses 
and  worn  for  long  periods.  They  may  be  placed  in  one  lens  (before 
the  hyperphoric  eye)  or  divided  between  the  two  lenses.  In  de- 
fects greater  than  4  degrees,  prism  correction  is  rarely  practicable. 

Operation  must  not  be  attempted,  irrespective  of  the  degree 
of  defect,  if  the  patient  can  be  made  comfortable  with  vertical 
prisms  or  the  defect  relieved  by  internal  remedies.  Operation 
should  be  limited  at  first  to  tenotomy  of  the  superior  rectus  of 
the  hyperphoric  eye,  and  should  the  remaining  hyperphoria  fail 
to  be  corrected  by  prisms,  further  eflfcct  may  be  secured  by  ten- 
otomy of  the  inferior  rectus  of  the  hypophoric  eye  or  advancement 
of  the  inferior  rectus  of  the  hyperphoric  eye.  Operations  should 
be  performed  with  great  care,  frequent  interruption  being  made 
to  test  the  effects  of  the  division  of  the  fibers  in  tenotomy,  or  of 
the  degree  of  advancement  obtained  in  advancement  or  resec- 
tion operations.  Since  hyperphoria  is  found  in  association  with 
lateral  heterophoria,  it  is  important,  if  operation  is  desirable, 
to  decide  whether  the  superior  or  the  lateral  muscles  are  to  be 
cut.  In  such  cases  the  relation  of  the  degree  of  vertical  to  that 
of  the  lateral  defect  will  be  the  guide.  It  is  undoubtedly  true 
that  many  lateral  defects  depend  upon  vertical  imbalance.  This 
can  be  determined  by  the  wearing  of  prisms  that  correct  the 
vertical  anomaly.  \'ertical  tendencies  may  disappear  under  cor- 
rection of  lateral  tendencies. 

2.  Manifest  Deviations. — Concomitant  Strabismus  (Hetero- 
tropia), — The  deviating  or  squinting  eye  has  unimpaired  power 
of  rotation,  moving  with  its  fellow  in  all  directions.  The  angle 
of  squint  remains  unchanged  in  whatnrr  position  the  eyes  are 
turned.  The  three  varieties  of  heterotropia  are:  (i)  Internal 
strabismus  (esotropia),  (2)  external  strabismus  (exotropia),  and 
(3)  vertical  strabismus  (hypertropia). 

Etiology. — Any  condition  that  interferes  with  the  normal 
fusion  of  the  macular  images  of  the  two  eyes,  which  is  the  essential 
factor  in  the  securing  of  binocular  single  vision,  may  cause  stra- 
bismus.   The  two  chief  causes  are   disturbance  of  relative  ac- 
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commodation  and  convergence,  and  imperfect  vision  in  one  eye 
by  reason  of  opacities  of  the  media,  amblyopia,  or  disease  of  the 
optic  tracts  or  visual  centers.  Other  causes  may  be  disparity 
in  the  length  of  opposing  muscles,  defective  development  of  the 
fusion  center,  and  imperfect  inner\'ation.  Since  infants  are  in- 
capable of  proper  coordination  of  their  muscles,  strabismus  of 
the  first  few  months  of  life  is  more  often  the  result  of  inexperience 
in  coordination  than  of  visual  or  refractive  defects.  If,  however, 
an  error  of  refraction  be  added  to  this  lack  of  coordination,  the 
strabismus  may  persist. 

Disturbance  oj  the  Association  oj  Accofnmodation  and  Con- 
vergence.— Equilibrium  of  the  visual  axes  in  fixation  demands 
associated  action  of  accommodation  and  convergence  for  distinct 
binocular  vision.  In  eyes  of  normal  refraction,  the  number  of 
meter  angles  of  convergence  required  to  fix  the  object  is  equal  to 
the  diopters  of  accommodation  exerted  in  securing  a  clear  focus 
on  the  two  retinas. 

In  ametropia  there  still  remains  the  stimulus  of  the  brain 
for  binocular  single  vision,  which  can  be  secured  only  by  a  re- 
adjustment of  the  functions  of  convergence  and  accommodation. 
In  hyperopia  distinct  nsion  demands  more  accommodation  than 
convergence.  Thus,  with  the  object  at  20  cm.  distance,  the  em- 
metropic eyes  exert  5  D  of  accommodation  and  5  meter  angles 
of  convergence.  In  hyperopia  of  2  D  the  amount  of  accommo- 
dation required  to  fix  the  object  at  20  cm.  is  7  D,  and  only  5 
meter  angles  of  convergence  arc  necessar}'.  The  two  functions 
may  be  disassociated  to  a  certain  extent,  but  an  excess  of  accom- 
modative effort  is  always  accompanied  by  an  excess  of  convergence, 
and  the  eyes  therefore  converge  to  a  point  slightly  nearer  than 
the  point  for  which  they  accommodate.  Esotropia  largely  depends 
upon  this  disturbance  between  accommodation  and  convergence. 
In  myopia  the  reverse  is  true,  near-vision  being  secured  without 
accommodation  when  the  object  is  at  the  far  point  of  the  eye. 
The  convergence  effort  put  forth  is  therefore  often  insufficient, 
and  divergence  is  encouraged. 

Amblyopia  is  claimed  by  some  authorities  to  be  the  result 
of  the  squint;  by  others  that  it  is  the  cause  of  the  squint,  and 
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that  it  is  congenital.  The  ophthahnoscope  usually  shows  in  the 
amblyopic  eyes  a  healthy  eye-ground.  Perimetric  measurements 
may  show  irregular  contraction  of  the  field  and  scotomata.  The 
vision  can  seldom  be  much  improved  with  lenses  or  trained  by 
the  use  of  an  occlusion  bandage  over  the  good  eye.  Operation 
will  seldom  result  in  the  securing  of  binocular  single  vision, 
and  is  useful  simply  to  remove  the  deformity. 

Diagnosis. — By  inspection  it  is  seen  that,  while  one  eye 
fixes  the  object,  the  axis  of  the  other  eye  deviates  inward  or 
outward.  If  the  squinting  eye  is  covered,  no  rotation  of  the 
cornea  behind  the  cover  will  be  noticed;  but  if  the  screen  is  then 
transferred  to  the  fixing  eye,  the  cornea  of  the  other,  or  squinting, 
eye  rotates  inward  or  outward  until  its  optical  center  is  in  line 
with  the  fixation  object  and  with  the  fovea,  showing  a  transfer- 
ence of  the  squint. 

In  functional  squint  the  patient  does  not  complain  of  diplopia. 
In  the  majority  of  cases,  however,  persistent  trials  will  lead  to 
the  discovery  of  the  image  of  the  squinting  eye.  The  patient 
would  always  acknowledge  the  diplopia  were  it  not  that  the 
brain  has  learned  to  suppress  or  to  take  no  cognizance  of  the 
image  of  the  squinting  eye.  If  the  image  of  the  fixing  eye  be 
obscured  or  changed  in  its  color  and  form  by  red  or  cobalt  glass, 
the  patient  may  be  induced  to  acknowledge  the  false  image,  so 
that  its  relative  position  can  readily  be  determined.  The  prism 
necessary  to  throw  the  false  image  into  a  vertical  line  with  the 
true  one  is  the  measure  of  the  lateral  squint,  and  the  prism  neces- 
sary to  elevate  the  false  into  the  plane  of  the  true  image  will 
be  the  measure  of  the  vertical  squint. 

Measuring  the  Degree  of  Squint. — The  most  accurate 
measurement  is  made  by  the  knowledge  of  the  relation  of  the 
false  with  the  true  image  in  those  cases  in  which  the  false  image 
is  recognized. 

To  roughly  measure  a  squint,  Hirschberg  has  shown  that, 
when  the  corneal  reflection  of  a  candle  held  33  cm.  away  from 
the  patient's  eyes  occupies  the  margin  of  a  medium-sized  pupil, 
the  amount  of  squint  present  is  15  to  20  degrees;  and  if  it  occu- 
pies the  margin  of  the  cornea,  45  degrees. 
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The  perimetric  method  is  equally  reliable.  The  patient  should 
be  so  seated  as  to  bring  the  squinting  eye  into  the  center  of  the 
perimeter  while  the  other  eye  fixes  a 
candle,  5  meters  distant.  Another 
candle  is  then  moved  along  the  arm 
of  the  perimeter  (with  the  surgeon's 
eye  always  directly  back  of  it)  until 
its  reflection  appears  to  occupy  the 
center  of  the  cornea  of  the  squinting 
eye.  (See  Fig.  220.)  The  measure 
of  the  squint  can  now  be  read  off 
from  the  figures  on  the  arc  of  the 
perimeter. 

Concomitant  Convergent  Stra- 
bismus (Internal  Squint,  Esotropia). 
— In  all  acts  of  convergence  of  nor- 
mally coordinated  eyes  the  axis  of 
vision  of  each  eye  is  equally  inclined 
toward  that  of  the  other,  and  forms 
with  an  imaginary  line  drawn  from 
the  center  of  another  imaginary  line, 
connecting  the  centers  of  rotation 
and  at  right  angles  to  it,  angles  of 
equal  size,  known  as  the  angles  of 
convergence.  If  the  eyes  are  di- 
rected to  an  object  at  an  infinite  dis- 
tance, the  axes  are  parallel.  The 
angle  of  convergence  then  -  o. 

In  esotropia  the  visual  lines  are 
never  parallel,  but  always  cross  at 
some  point  inside  of  infinity,  the 
distance  depending  upon  the  degree 
of  the  squint  and  the  position  of 
the  fixation  object.  When  the  fixing 
eye  is  directed  away  from  the  squint- 
ing eye,  the  angle  of  crossing  of  the  visual  lines  is  smaller  than 
if  turned  in  the  opposite  direction.    In  other  words,  the  \isual 


Fio.  220. — ^J  aval's  Method. 
The  line  A  b  represents  the 
visual  line  of  the  fixing  eye. 
The  dotted  line  d  b  is  the  direc- 
tion the  visual  line  of  the  squint- 
ing eye  would  take  if  it  were 
straight.  The  line  CE  repre- 
sents the  visual  line  of  the 
squinting  eye.  It  will  readily 
be  seen  that  the  second  candle 
will  have  to  be  brought  along 
the  arm  of  the  perimeter  before 
its  image  will  appear  to  occupy 
about  the  corneal  center  of  the 
squinting  eye. 
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lines  of  both  eyes  are  never  directed  toward  the  same  object. 
One  eye  fixes,  the  other  dexiates.  Functional  esotropia,  unlike 
organic  (paralytic)  esotropia,  does  not  deal  with  an  individual 
muscle*  The  excess  of  the  convergence  is  the  result  of  an  excess 
of  stimulation  of  all  the  muscles  involved  and  the  loss  of  normal 
relation  between  adduction  and  abduction* 

Varieties. — Esotropia  is  periodic  or  constant.  The  periodic 
is  temporary  and  recurrent,  occurring  under  conditions  of  physical 
or  mental  exhaustion  or  overstimulation.  It  is  the  early  form 
of  constant  squint,  and  is  either  monocular  or  alternating.  In 
the  monocular  form  of  permanent  esotropia  the  squinting  eye  is 
amblyopic,  and  Is  never  used  voluntarily  for  fixation.  The  other 
eye  constantly  fixes  and  never  squints.  In  the  alternating  form 
vision  of  the  two  eyes  is  nearly  equal,  and  the  squint  is  trans- 


FiG.  321.— Upward  Deviatiok  in  Imteri4ai.  Steabisitus. 

ferable  from  one  eye   to  the  other,  either  eye  being  used  for 

fixation.  In  constant  squint  the  error  of  refraction  of  the 
squinting  eye  is  generally  much  greater  than  that  of  its  fellow; 
in  the  latter,  the  refractive  error  usually  diJGFers  but  little  in  the 
two  eyes. 

Upward  Associated  with  Inward  Deviation. — In  all  cases  of 
functional  internal  strabismus  the  squinting  eye  is  not  only  lumed 
inward  but  sHghily  upward »  This  is  more  marked  in  some 
instances  than  in  others.  In  the  alternating  form  the  inward 
and  upward  squint  is  transferred  upon  the  assumplion  by  the 
deviating  eye  of  fixation.  In  monocular  squint,  neither  fixation 
nor  squint  is  transferred  on  account  of  the  defective  vision  of  the 
deviating  eye,  which  is  turned  upward  as  well  as  inward. 

Treatment.— Internal  strabismus  is  cured  only  with  restora- 
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tion  of  binocular  vision.  This  may  be  secured  in  alternating 
squint,  but  in  monocular  squint  the  amblyopia  of  the  squinting 
eye  is  an  insurmountable  obstacle.  The  development  of  strabis- 
mus in  a  large  proportion  of  cases  at  an  early  age  and  its  tendency 
to  become  permanent  require  that  treatment  should  be  instituted 
as  soon  as  the  squint  is  noticed.  Four  lines  of  treatment  are  to 
be  pursued. 

I.  Cycloplegics  for  long  periods  in  children  too  young  to  wear 
glasses. 


Fig.  222. — Worth's  Amblyoscope. 

2.  Correction  of  any  refractive  error. 

3.  Tenotomy  or  advancement  of  the  defective  muscles. 

4.  Exercise  of  the  coordinating  ])o\ver  of  the  eyes  by  means  of 
prisms  and  the  stereoscope,  in  order  to  cultivate  binocular  single 
vision. 

Use  oj  Mydriatics  and  Correction  oj  Ametropia. — In  young 
children  the  accommodation  is  held  in  abeyance  by  atropin  in- 
stilled into  both  eyes  if  the  squint  is  alternating  or  periodic,  and 
into  the  fixing  eye,  if  monocular.  After  the  age  of  three,  the 
ncicssary  correction  may  be  prescribed  and  worn.     "About  30 
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per  cent,  of  all  cases  are  curable  by  these  means  alone"  (Holt- 
house).  Bandaging  of  the  better  eye  may  be  tried  with  the  object 
of  forcing  the  use  of  the  amblyopic  eye,  but  the  advantage  of  this 
measure  is  uncertain. 

TheStereoscope. — Exercises  for  the  development  of  fusion  power 
have  for  their  purpose  the  cultivation  of  binocular  vision.  In  the 
ordinary  stereoscope  the  lenses  are  decentered  to  act  as  5-degree 
prisms  with  their  bases  out.  The  instrument  is  provided  with  a 
series  of  pictures  so  constructed  that  one-half  of  each  picture  is 
different  from  that  of  the  other  half,  upon  which  it  is  super- 
imposed in  binocular  vision.  A  modified  stereoscope  has  been 
devised  by  Worth  under  the  name  *^amblyoscope"  or  "fusion 
tubes.''  It  is  an  improvement  over  the  ordinary-  instrument,  and 
can  be  adapted  to  any  degree  of  scjuint. 

Prisms,  valuable  in  heterophorias,  both  for  the  exercise  of  the 
weakened  muscles  and  for  the  correction  of  the  defect,  are  abso- 
lutely worthless  in  heterotropias  for  testing  the  strengths  of  adduc- 
tion, abduction,  or  sursumduction,  for  exercising  weak  muscles, 
or  for  the  correction  of  heterotropia. 

Operative  Measures, — In  young  children  no  operation  is  to 
be  performed  until  the  lenses  correcting  the  refractive  error 
have  been  worn  for  a  considerable  time  and  an  attempt  made 
to  secure  binocular  vision.  Strabismus,  incurable  by  atropin  or 
correcting  glasses,  is  to  be  treated  by  operation.  In  alternating 
squint  tenotomy  of  each  internal  rectus  is  usually  indicated,  al- 
though in  small  degrees  of  deviation  single  tenotomy  may  suffice. 
Residual  scjuint  after  doul)le  tenotomy  rccfuires  advancement  of 
the  external  rectus,  of  one  or  both  eyes.  In  monocular  squint, 
tenotomy  of  the  intemus  combined  with  advancement  of  the 
externus  of  the  scjuinting  eve  is  usually  sufficient.  Subsequently 
tenotomy  of  the  internus  of  the  fixing  eye  may  be  required. 
It  is  often  advisable  to  precede  the  inicrnal  tenotomy  by  tenot- 
omy of  the  superior  rectus  of  the  deviating  eye. 

The  section  of  the  muscle  is  to  be  limited  to  a  division  of  the 
tendon  only.  Large  conjunctival  incisions  and  extensive  division 
of  the  capsule  of  Tenon  and  of  the  lateral  attachments  of  the 
tendon  will  eventuate  in  divergence  of  the  operated  eye  and  limi- 
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tation  of  inward  rotation.  Residual  squint  may  be  relieved  by 
advancement  of  the  external  rectus  should  stereoscopic  exer- 
cises and  the  use  of  lenses  correcting  the  ametropia  fail  to  cure. 

Concomitant  Divergent  Strabismus  (External  Squint,  Ex- 
otropia), — Functional  external  strabismus  is  a  loss  of  binocular 
vision  from  outward  deviation  of  one  or  both  eyes,  and  is  due  to 
a  disturbance  of  the  physiologic  relation  between  convergence  and 
divergence. 

Causes. — (i)  Imperfect  central  vision  in  one  eye.  The  cornea 
becomes  gradually  turned  out  to  prevent  the  mental  confusion 
arising  from  the  perception  of  the  indistinct  image  on  the  fovea. 
(2)  Myopia.  The  abnormally  lengthened  eyeball  and  the  as- 
sociated strain  of  convergence  in  near-work  are  prohibitive  of 
comfortable  binocular  fixation.  Eventually  near-vision  is  mon- 
ocular. (3)  Vertical  imbalance.  In  hypertropia  binocular  vision  is 
impossible  and  one  eye,  disregarded  in  the  visual  act,  eventuaUy 
becomes  divergent.  (4)  Weakened  internal  rotation.  From  in- 
juries to,  or  extensive  tenotomies  of,  the  internal  recti  muscles  the 
weaker  eye  gradually  assumes  a  divergent  position.  (5)  Tendency 
to  divergeiKe  (exophoria)  not  infrequently  becomes  a  manifest 
divergence  (exotropia). 

External  squint  is,  therefore,  divergence  of  the  visual  axes  due 
to  the  loss  of  convergence.  Convergent  squint,  on  the  contrary, 
is  seldom  primarily  the  result  of  weakened  abduction  but  of 
excess  of  convergence. 

Treatment. — The  refraction  must  be  determined  and  all 
defects  corrected.  Prisms,  as  in  esotropia,  are  of  no  service. 
After  an  unsuccessful  trial  of  glasses,  correction  of  vertical  im- 
balance, ocular  rest,  tonics,  and  muscular  exercises,  operation  is 
indicated.  ^Advancement  or  shortening  of  one  or  both  internal 
muscles  is  to  be  advised  rather  than  tenotomy  of  the  external  mus- 
cles, although  the  former  operation  may  frequently  be  combined 
to  advantage  with  the  latter. 

Vertical  Strabismus  {Hypertropia), — Upward  or  downward 
deviation  of  the  visual  axis  of  one  eye  from  the  plane  of  the  visual 
axis  of  the  other,  uncomplicated  ])y  lateral  turning,  is  rare.  The 
function  of  the  vertically  acting  muscles  is  indissolubly  connected 
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with  that  of  the  lateral  muscles,  and  the  nerve  stimulus  to  vertical 
rotation  includes,  in  ever}'  instance,  lateral  rotation.  Pure  hy- 
pertropia  is  a  sjTnptom  of  an  organic  defect  of  the  superior  or 
inferior  rectus  muscle  or  tendon,  or  misplaced  scleral  attachment. 

Diagnosis.— The  methods  described  under  esotropia  and  exo- 
tropia,  namely,  the  forced  recognition  of  the  false  and  true  images, 
are  resorted  to.  The  lower  image  belongs  to  the  h}'pertropic  eye, 
and  the  higher  to  the  h)^otropic  eye.  Hypertropia  is  commonly 
found  in  conjunction  with  esotropia,  and  hypotropia  with  exotropia. 

Treatment. — In  hypertropia  prisms  are  of  no  avail.  For 
its  surgical  correction,  tenotomy  of  the  superior  rectus  or  advance- 
ment of  the  inferior  rectus  of  the  hypertropic  eye,  or  both,  should 
be  performed.  The  restoration  of  vertical  balance  often  has  a 
decidedly  favorable  influence  on  lateral  imbalance;  therefore 
operation  on  the  horizontal  muscles  should  be  postponed  for  some 
months. 


Fig.  223. — Strabismus  Hook. 

Technique  of  Operations. — The  operations  that  are  per- 
formed for  strabismus  are  tenotomy,  advancement  or  resection 
of  the  tendon,  and  capsular  advancement.  They  are  done 
separately  or  in  combination,  according  to  indications. 

Tenotomy. — Cocain  is  preferred  to  general  anesthesia,  except 
in  children.  The  field  of  operation  and  the  surgeon's  hands  de- 
serve the  same  attention  as  in  other  surgical  procedures.  The 
instruments  required  are  a  speculum,  single-tooth  conjunctival 
forceps,  blunt  conjunctival  scissors,  and  strabismus  hook. 

After  the  speculum  is  introduced  and  the  conjunctiva  and 
capsule  immediately  over  the  insertion  of  the  tendon  are  firmly 
grasped  by  the  forceps,  both  structures  may  be  divided  and  the 
tendon  exposed  at  its  insertion  by  one  snij)  of  the  scissors.  The 
incision  should  not  exceed  the  width  of  the  tendon.  Having 
exposed  the  tendon,  the  hook  is  passed  under  it  from  above  or 
below,  the  end  of  the  hook  coming  into  view  at  the  upper  or  lower 
extremity  of  the  incision.  The  tendon  may  now  be  divided  to 
any  extent  desired. 
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Prior  to  separating  the  scleral  attachment,  Panas  advocates 
stretching  of  the  tendon  by  a  strabismus  hook  introduced  under 
the  tendon  at  its  scleral  insertion,  and  by  traction  on  the  muscle 
drawing  the  cornea  outward  until  it  is  buried  in  the  external  angle 
of  the  commissure.  To  avoid  superficial  hemorrhage  one  of  the 
suprarenal  preparations  may  be  instilled  before  beginning  the 
operation. 

As  a  rule,  an  effect  of  about  20  degrees  is  secured  by  double 
tenotomv. 


Fig.  224. — Tenotomy  of  Internal  Rectus. 

Accidents. — Hemorrhage  is  usually  insignificant.  Occasionally 
one  of  the  anterior  ciliary  arteries  is  divided,  and  is  followed  by 
severe  external  bleeding  with  retention  of  some  of  the  blood 
within  Tenon's  capsule  and  under  the  conjunctiva.  Absorption 
of  the  blood  is  hastened  by  pressure  bandage.  Perjoration  oj  the 
sclera  calls  for  discontinuance  of  the  operation,  the  suturing  the 
conjunctiva  over  the  wound,  and  the  application  of  a  bandage. 
Orbital  cellulitis  and  toionitis  from  septic  infection  may  result 
from  lack  of  cleanliness.  Retraction  oj  the  caruncle  is  seldom  a 
seciuel  of  carefully  performed  operation,  usually  following  exten- 
sive cutting  of  the  capsule. 
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Partial  or  Graduated  Tenotomy, ^Stevens  operates  as  follows; 

The  tendon  is  brought  fonvard  by  means  of  a  hook,  as  in  the 
operation  for  strabismus,  and  the  central  fibers  are  di\ided  at 
the  sclera,  allowing  the  borders  of  the  tendon  and  the  attachnaents 
of  the  capsule  to  remain  uncut. 

The  operation  demands  careful  judgment  and  much  delicacy 
of  manipulation  on  the  part  of  the  surgeon.  The  custom  of  in- 
troducing a  blade  of  the  scissors  beneath  the  tendon  and  cutting 
down  upon  itj  as  in  operations  for  strabismus,  cannot  be  safely 
followed  in  heterophoria.    The  division  through  the  conjunctiva 
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FtG.  355. — Resectio?!*     The  tendcrn  secured  hy  sutures* 

is  made  exactly  over  the  insertion  of  the  tendon  and  about  on€ 
fourth  of  an  inch  in  extent.    The  point  of  a  fine  blunt  hook  is  th€ 
introduced  exactly  at  the  tendinous  insertion,  and  the  tendon 
elevated.    A  pair  of  blunt-pointed  scissors  then  cuts  down 
tween  the  hook  and  the  sclera,  dinding  carefully  from  the  cente 
towards  the  edges  of  lendon  by  several  little  cuts.    The  capsula 
connection  at  the  borders  of  the  tendon  mu5t,  in  all  cases, 
presented. 

Advancement  or  Resection,— The  length  of   muscle  to  be 
exsected  depends  upon  the  degree  of  squint,  ahhough  the  effect  cai 
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be  only  approximately  gauged.  General  anesthesia  is  preferable 
to  cocain.  The  same  instniments  are  required  as  for  tenotomy, 
^ith  the  addition  of  curved  needles,  needle-holder^  and  fine  strong 
sUk. 

Advancement,— The  muscle  and  tendon  are  freely  exposed 
and  elevated  on  the  strabismus  hook.  One  cun^ed  needle, 
threaded  with  strong  black  silk,  is  passed  through  the  tendon  just 
above  the  middle  line  near  its  insertion  and  the  suture  made  fast 
by  a  loop  of  the  thread.  A  second  needle  is  passed  through  the 
lower  half  of  the  tendon  and  secured.    The  tendon  is  now  separated 


Fic.  326.— Resection.    The  sutures  ready  lo  be  tied* 


from  the  sclera  and  prevented  from  retraction  by  forceps  or  by 
the  threads.  The  first  needle  is  passed  beneath  the  conjunctiva 
and  inserted  into  the  episcleral  tissue  and  conjunctiva  near  the 
upper  margin  of  the  cornea*  The  other  needle  is  passed  in  a 
similar  manner  to  the  lower  margin  of  the  cornea.  An  assistant 
rotates  the  eye  toward  the  cut  end  of  the  muscle  w^hile  the  operator 
lies  each  suture.  The  eflfect  of  the  operation  is  regulated  by  the 
position  of  the  episcleral  attachments  of  the  threads.  The  cut 
edges  of  the  conjunctiva  are  united  by  a  single  suture*  Cold 
applications  should  be  made* 
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Resection  may  be  done  by  the  exsection  of  a  piece  of  tendon 
near  its  attachment  or  of  a  portion  of  muscle  and  tendon  several 
millimeters  from  its  attachment.  In  the  former  the  tendon  is 
completely  severed  from  the  ball;  in  the  latter  the  central  portion 
of  the  muscle  only  is  excised. 

Savage  proposes  an  identical  procedure  without  exsection  of 
muscle.  The  portion  between  the  two  sutures  makes  a  small 
tumor  under  the  conjunctiva  which  disappears  after  a  few  weeks. 
His  operation  may  be  advantageously  modified  by  snipping  off 
the  lump  of  muscle  after  the  suture  has  been  tied. 

The  following  is  a  modification  of  Landolt's  resection  operation: 

The  tendon  is  freely  exposed  and  the  upper  and  lower  halves 
secured  by  knotted  silk  threads.  The  tendon  is  now  severed  from 
the  globe  and  a  portion  excised  proportionate  to  the  effect  de- 
sired. The  needles  are  passed  through  the  episcleral  tissue  and 
tendinous  stump.  An  assistant  rotates  the  eye  toward  the  oper- 
atiHi  muscle,  while  the  operator  lies  the  threads.  The  threads 
may  be  passed  into  the  episcleral  tissue  above  and  below  the 
median  line  at  C  C,  Fig.  226. 

De  Wocker  makes  a  vertical  incision  and  excises  a  half-moon- 
shaped  jMoce  of  conjunctiva,  frees  the  caj^sule  from  the  tendon, 
and  unites  tendon  and.  conjunctiva  by  two  sutures.  The  results  of 
this  otHTaiion  are  inferior  to  rest\:ior.  or  ailvancenun:  of  the 
mi:  sole. 


CHAPTER  XVII. 

THE  PUPIL  IN  HEALTH  AND  DISEASE. 

By  Wendell  Reber,  M.D., 

Of  Philadelphia. 

The  Pupil. — In  health,  the  pupil  is  a  circular  aperture  in  the 
iris,  about  4  mm.  in  diameter,  situated  a  trifle  toward  the  nasal 
side  of  the  center.  Its  size  and  reaction  are  influenced  (i)  by  age, 
(2)  by  light,  (3)  by  accommodation  and  convergence,  (4)  by  the 
vascularity  of  the  iris,  (5)  by  sensory  and  psychic  stimuli,  and  (6) 
by  the  refraction  of  the  eye.  The  student  should  always  first 
assure  himself  that  there  arc  no  attachments  between  the  iris  and 
the  anterior  surface  of  the  lens  (posterior  synechias)  before  studying 
the  pupillar}'  reflexes. 

The  chief  movements  (reflexes)  of  the  pupil  are  contraction 
and  dilatation.  The  three  principal  contraction  reflexes  are: 
(i)  The  direct  light  reflex;  (2)  the  consensual  light  reflex;  (3)  the 
convergence  reflex.  The  dilatation  reflexes  are:  (1)  The  direct 
*'shade"  reflex;  (2)  the  consensual  '*shade*'  reflex;  (3)  the  relaxed 
accommodation  reflex;  (4)  the  sensory  reflex. 

Anatomy  and  Physiology. — A  band  or  ring  of  unstriped  muscular 
fibers  about  i  mm.  wide,  the  sphincter  of  the  iris,  encircles  the  pupil, 
lying  near  to  the  posterior  surface  of  the  iris.  Other  muscular  fibers 
have  been  described,  arranged  in  a  radial  manner  from  the  sphincter 
toward  the  corneoscleral  attachment  or  root  on  the  iris,  and  to  these 
have  been  ascribed  the  properties  of  a  dilating  mechanism,  hence  the 
name  dilator  of  the  pupil.     (See  page  232.) 

Nerves  of  the  Iris  and  their  Action. — Stimulation  of  one 
set  of  the  iris  nerves  produces  contraction  of  the  pupil  (myosis); 
stimulation  of  the  other  set  produces  dilatation  of  the  pupil 
(pnydriasis), 

Myosis  (Contraction  of  the  Pupil). — Narrowing  of  the  pupil  to 
light  is  a  typical  reflex  phenomenon  and  one  of  the  most  important 
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reflexes.  The  physiolog}^  of  this  reflex  may  be  thus  stated:  (i) 
Within  the  substance  of  the  optic  nerves  are  fibers  whose  purpose 
seems  to  be  the  transmission  of  light  only,  independent  of  vision 
proper.  (2)  These  pupillary  fibers  pass  from  the  retina  along  with 
the  visual  fibers  back  through  the  chiasm,  decussating  partially 
along  with  the  latter  and  accompanying  them  as  far  as  the  ex- 
ternal geniculate  bodies.  From  the  external  geniculate  ganglion 
they  pass  to  the  plane  of  the  Sylvian  aqueduct  in  the  region  of  the 
sphincter  nucleus. 

At  the  sphincter  nucleus  in  the  fourth  ventricle  the  aflferent 
(or  inward)  arm  of  the  reflex  arc  ends  and  the  efferent  (or  outward) 
arm  begins.  The  fibers  from  the  sphincter  nuclei  join  the  other 
fibers  of  the  third  nerve  and  pass  with  them  to  just  within  the  orbital 
cavity,  where  they  enter  the  ciUary  ganglion.  They  emerge  from 
this  structure  as  the  long  ciliar}*  nerves,  and  pass  directly  to  the  iris. 

Path  of  Myotic  Reflex, — The  light  stimulus,  when  applied 
either  to  both  eyes  or  to  one  individually,  passes  with  equal  power 
along  each  optic  tract  (because  of  the  decussation  of  the  pupillary 
fibers  at  the  chiasm)  to  the  external  geniculate  bodies  and  the 
anterior  corpora  quadrigemina,  and  thence  to  the  center  for  pupil- 
Isiry  contraction.  At  this  point  the  light  stimulus  becomes  a 
motor  impulse,  passing  out  by  way  of  the  third  nerve  to  the  ciliarj' 
ganglion  and  the  iris. 

Afferent  or  Sensory  Path.  Efferent  or  Motor  Path. 
Retina.  Sphincter  nucleus. 

Optic  nene.  Third  nerve. 

Optic  tract.  Ciliary  ganglion. 

Basal  ganglia.  Iris. 

Sphincter  nucleus. 

Mydriasis  (Dilatation  0}  the  Pupil), — While  light  is  the  only 
stimulus  that  produces  narrowing  of  the  jnipil,  the  mydriatic  or 
pupil-enlarging  center  in  the  medulla  reacts  to  ever>'  sensitive 
stimulus;  for  instance,  the  prick  of  a  pin  or  pencil  on  the  neck, 
galvanism  applied  to  the  leg,  or  tickling  the  face.  The  mydriatic 
fibers,  originating  in  the  front  part  of  the  floor  of  the  fourth  ven- 
tricle, communicate  with  the  ciliospinal  center  between  the  last 
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cervical  and  first  dorsal  vertebrae.  At  this  point  they  join  the  last 
ccmcal  or  the  first  dorsal  ner\'es  to  pass  through  the  inferior, 
middle,  and  superior  cervical  sympathetic  ganglia,  thence  to  the 
cavernous  plexus  of  the  sympathetic  and  Gasscrian  ganglion, 
finally  reaching  the  eye  by  way  of  the  ganglionic  branch  of  the 
fifth  ner\-e  to  the  ciliar}'  ganglion  which  distributes  the  filaments 
to  the  eye. 

It  Avill  be  observed  that  both  tracts  virtually  terminate  in  the 
ciliary  ganglion^  from  which  impulses  pass  to  the  iris  from  either 
tract. 

Influepice  oj  Convergence. — Ever}'  strongly  convergent  move- 
ment of  normal  eyes  produces  pupillary  contraction  which  passes 
over  into  dilatation  and  resumption  of  the  normal  pupillary  size 
with  the  return  of  the  eyes  to  parallellism.  This  is  known  as  the 
associated  action  oj  the  pupils.  While  it  is  affected  by  accommo- 
dation, it  is  mainly  due  touefforts  at  convergence.  Pupillary  con- 
traction also  occurs  in  convergence  without  accommodation, 
although  the  converse  is  not  true. 

Influence  oj  the  Vascular  Condition. — With  an  increased  blood- 
supply  to  the  iris  the  pupil  contracts,  as  is  seen  when  the  anterior 
chamber  is  tapped  or  opened.  Dilatation  occurs  if  the  blood- 
supply  is  reduced,  as  after  severe  hemorrhage  in  other  parts  of 
the  body. 

Clinical  Considerations. — Drug  Action. — ^The  drugs  acting 
locally  on  the  pupil  arrange  themselves  into  three  groups:  (i) 
The  mydriatic  group,  of  which  atroj)in  is  the  type;  (2)  the  myotic 
group,  of  which  eserin  is  the  tj-pe;  (3)  the  sympathetic  group,  of 
which  cocain  is  the  type. 

Atropin  paralyzes  the  unstriped  pupillar)'  muscle,  and  its 
mydriasis  is  therefore  not  influenced  by  light,  accommodation,  the 
sensory  reflexes,  nor  by  strong  eserin  solutions.  The  allied  drugs 
arc — homatropin,  duboisin,  scopolamin,  hyoscyamin,  daturin, 
ephedrin,  and  mydrin.  Homatropin  is  the  most  frequently  used 
because  of  its  brief  action. 

Eserin, — As  atropin  acts  by  paralyzing  the  unstriped  pupillary- 
muscle,  eserin  produces  myosis  by  stimulating  it.  However,  the 
eserinized  pupil  still  reacts  to  light  and  dilates  on  shading,  and 
29 
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the  eserin  myosis  will  give  way  to  atropin  if  the  latter  is  used  in 
sufficient  strength.  The  other  miotics  are  pilocarpin,  nicotin, 
arecolin,  and  muscarin.  Pilocarpin  and  eserin  are  exclusively 
used. 

Cocain  acts  by  stimulating  the  endings  of  the  sjTupathetic 
nerves  in  the  iris,  and  produces  considerable  mydriasis,  although 
the  pupil  always  reacts  to  light  and  convergence.  The  mydriasis 
produced  is,  however,  transitor}',  and  may  be  easily  overcome  by  a 
weak  eserin  or  pilocarpin  solution.  Another  drug  closely  allied 
to  cocain  is  euphthalmin.  Its  fleeting  mydriatic  effect  is  often 
employed  to  render  easier  the  study  of  ophthalmoscopic  conditions. 
It  is  well  to  distinguish  between  drugs  that  are  mydriatic^  and  dilate 
the  pupil  without  affecting  the  accommodation  (such  as  cocain 
and  euphthalmin),  and  those  that  are  cycloplegky  and,  in  addition 
to  dilating  the  pupil,  also  paralyze  the  accommodation  (such  as 
the  atropin  group). 

The  principal  drugs  that  influence  the  pupillar}^  status  when 
taken  internally  are  chloroform,  ether,  morphin,  nicotin,  str}'chnin, 
curara,  quinin,  and  belladonna. 

Chlorojorm. — ^The  pupillarj'  status  varies  with  the  depth  of 
the  anesthesia.  In  the  early  stage  (excitement)  the  pupil  is 
dilated;  when  complete  anesthesia  is  reached,  it  is  contracted. 
If,  however,  the  anesthesia  be  pushed  to  the  danger-point,  the 
pupil  again  dilates,  and  is  not  affected  by  light.  These  rules 
of  reaction  do  not  hold  if  the  eyes  are  fully  under  the  influence 
of  atropin  or  eserin. 

Ether, — During  etherization  the  common  rule  is  for  the  pupils 
to  be  of  moderate  size  or  even  slightly  dilated,  while  in  deep 
ether  anesthesia  there  is  often,  perhaps  usually,  pronounced 
dilatation.  On  the  other  hand,  in  a  considerable  proportion  of 
cases  the  pupils  contract  during  etherization.  It  is  c\'idcnt  that 
the  pupils  cannot  be  relied  upon  as  a  guide  during  the  adminis- 
tration of  ether. 

Morphin  contracts  the  pupils  (if  not  under  local  drug  influence) 
by  influencing  the  contracting  center. 

Xicotin  aj)plied  locally  acts  like  eserin  and  has  the  same 
action,  contracting  thepuj)il  if  used  to  excess  internally  (smoking). 
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This  is  probably  due  to  stimulation  of  the  miotic  or  pupil-con- 
tracting center. 

Strychnin  in  poisonous  doses  stimulates  the  mydriatic  center 
in  the  medulla  and  thus  enlarges  the  pupil.  Curare  acts  in  pre- 
cisely the  same  way. 

Quinin  in  massive  doses,  and  especially  in  persons  susceptible 
to  its  action,  sometimes  induces  enlargement  of  the  pupil  because 
of  the  contraction  of  the  ocular  blood-vessels  following  its  use. 

Belladonna  and  the  other  solanaceous  drugs  and  their  alka- 
loids cause  mydriasis  when  taken  in  large  doses  internally,  not 
by  influencing  the  ner\'e-centers,  but  by  being  carried  in  the 
blood  to  the  eye  itself,  there  acting  precisely  as  when  applied 
locally. 

Bromids, — The  pupils  react  as  usual  to  Ught  and  accommoda- 
tion in  the  course  of  bromid  treatment  when  the  drug  is  well 
borne.  As  the  dose  is  increased,  the  pupils  dilate  and  respond 
but  sluggishly  to  light  and  accommodation.  This  condition  is 
harmless,  and  may  be  maintained  if  the  pupils  do  not  dilate 
ad  maximum  and  fail  utterly  to  react.  It  is  possible  therefore 
cautiously  to  reach  and  keep  up  physiologic  doses  of  the  drug. 

Clinical  Applications. — Measurement  of  the  Size  of  the 
Pupil. — This  may  be  done  by  simply  estimating  the  size  of  the 
pupil  or  holding  before  the  eye  a  millimeter  rule;  or  by  a  pupil- 
lometer,  which  consists  of  a  series  of  circles  in  a  metal  disk  to 
be  held  close  to  the  observed  eye,  the  disk  being  slowly  rotated 
until  that  circle  which  matches  the  size  of  the  pupil  is  reached 
(Fig.  7).  Reber  suggests  a  uniform  method  of  illumination:  By 
throwing  the  pencil  of  Ught  reflected  from  a  3  cm.  Argand  burner 
by  an  ophthalmoscopic  mirror  at  33  cm.  directly  in  front  of  the 
eye  (i.  e.,  letting  it  fall  on  the  macula),  a  retinal  stimulus  approxi- 
mately equal  to  that  of  average  diffuse  daylight  is  obtained.  A 
bright  red  spot  clearly  defines  the  pupillar}''  area  against  the 
dark  surface  of  the  iris,  and  the  reaction  can  be  perfectly  studied. 
For  bedside  examinations  a  candle  held  six  inches  back  of  and 
above  the  patient's  head  answers  perfectly  (the  room,  of  course, 
being  darkened).  By  this  method  there  will  often  be  unmasked 
beginning  changes  in  the  pupillar\'  behavior  which,  like  beginning 
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changes  elsewhere,  are  of  the  greatest  importance.  The  best 
results  will  follow  a  combination  of  the  dark  room  and  the  day- 
light examinations,  as  the  latter  will  disclose  the  size  and  behavior 
of  the  pupil  under  accustomed  stimuli,  while  the  dark  room 
method  ser\^es  to  refine  these  findings. 

The  Normal  Pupil. — ^The  pupils  of  different  healthy  indi- 
viduals vary  in  size  under  the  same  intensity  of  light  stimulus. 
By  the  third  to  the  sixth  year,  the  size  of  the  pupil  is  double 
that  at  the  end  of  the  first  month.  The  average  adult  pupil 
differs  very  little  in  size  from  that  of  a  three-year-old  to  a 
six-year-old  child,  and  is  about  4  mm. 

In  general  terms  the  pupil  is  normally  small  in  infancy,  in 
old  age,  in  hyperopia  and  its  allied  states,  and  in  persons  with 
blue  irides.  It  is  perhaps  a  trifle  larger  than  the  4  mm.  average 
in  individuals  with  brown  irides,  in  those  presenting  myopia  and 
its  allied  states,  and  in  delicate,  ner\'ous,  and  excitable  persons. 

The  diameter  of  the  pupil  with  the  accommodation  at  rest 
has  been  found  to  average  in  adults  4.14  mm.  This  is  based 
on  daylight  testing.  Dark  room  tests  on  adults  show  an  average 
of  5.5  mm. 

Unequal  Pupils  in  Health. — Exceedingly  slight  pupillary 
differences  in  size  are  not  uncommonly  met  with  in  individuals 
in  perfect  health;  but  plainly  manifest  pupillar)*  inequality,  in 
the  absence  of  special  defect  or  ocular  disease,  is  always  patho- 
logic. 

The  Pupillary  Reactions.  —  Of  clinical  importance  are 
three  contraction  reflexes  and  four  dilatation  reflexes.  The 
patient  faces  a  window  (northern  light  preferred)  and  looks  into 
the  distance,  (i)  Both  eyes  are  covered,  and  after  a  moment 
the  right  exposed,  whereupon  the  pupil  promptly  contracts.  This 
is  the  direct  light  reflex.  (2)  The  left  eye  is  now  exposed,  and 
the  right  pupil  will  become  even  smaller  than  it  was  when  the 
right  eye  only  was  exposed  (of  course,  the  left  pupil  also  contracts 
on  exposure).  This  is  the  consensual  light  reflex,  (3)  With  the 
patient's  gaze  still  fixed  on  some  distant  object,  a  pencil-point 
is  held  4  to  6  inches  from  the  nose,  and  the  patient  told  to  look 
(|uickly  at  it;  the  pupils  will    contract    farther   as   the   patient 
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converges  and  accommodates  to  see  the  pencil-point  clearly. 
This  is  the  convergence  rather  than  the  accommodation  reflex, 
because  this  same  pupillary  contraction  occurs  in  association 
with  convergence  when  a  congenitally  blind  person  (who  has 
never  known  how  to  accommodate)  is  made  to  attempt  to  fix  the 
gaze  on  his  own  fingers  held  at  6  to  8  inches. 

The  three  foregoing  phenomena  may  be  reversed,  producing 
what  Jessop  calls  the  dilatation  reflexes,  as  follows:  (i)  The  direct 
shade  refiex.  The  pupil  dilates  if  shaded  or  protected  in  any 
way  from  the  light.  (2)  The  consensual  sliade  reflex.  If  one 
eye  is  covered,  the  pupil  of  the  fellow  eye  dilates.  (3)  The 
relaxed  accommodation  reflex.  The  accommodation  is  relaxed  by 
carrj'ing  the  gaze  from  a  very  near  to  a  distant  object,  and  the 
pupils  enlarge,  the  excursion  varying  with  the  age  of  the  patient 
and  the  refraction  of  the  eye.  Other  important  dilatation  reflexes 
are:  {a)  The  sensory  reflex.  If  a  sensory  nerve  is  stimulated 
(tickUng  or  pinching  the  face  or  neck),  both  pupils  dilate,  (fc) 
The  psychic  reflex.  Certain  mental  states,  such  as  extreme  fear 
or  anger,  produce  dilatation  of  the  pupil. 

Hippus  consists  of  constant,  minute,  irregular  fluctuations  in  the 
size  of  the  pupil.  Jhey  are  due  to  the  ceaseless  sensitive  and 
psychic  influences  that  are  always  acting  more  or  less  on  the  pupil. 

During  sleep  and  under  the  complete  influence  of  an  anesthetic 
the  pupils  are  contracted,  because  all  stimuli  are  then  reduced 
to  a  minimum.  Robey  says  the  pinhole  pupils  of  sleeping  infants 
dilate  instantly  on  waking,  a  point  of  diagnostic  value.  If  a  child's 
pupils  do  not  dilate  on  waking,  drug  influence  or  intracranial  mis- 
chief may  be  suspected.  Contraction  is  said  by  Astolfoni  to  also 
accompany  the  premenstrual  and  menstrual  periods.  The  impor- 
tant fact  for  the  student  is  that  the  width  of  the  pupil  and  its  reac- 
tions at  any  given  time  are  the  result  of  the  constant  antagonism 
between  the  contracting  and  dilating  influences. 

The  Pupil  in  Disease. — Most  pathologic  states  of  the  pupil 
fall  into  one  of  two  classes:  (i)  Those  presenting  equal  pupils, 
technically  called  isocoria,  and  (2)  those  presenting  unequal 
pupils,  known  as  anisocoria.  These  must  each  be  further  sub- 
divided into  a  mvdriatic  and  a  mvotic  class. 
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Moreover,  mydriasis  may  be  due  either  to  irritation  of  the 
pupil-dilating  center  or  fibers  or  to  paralysis  of  the  pupil-con- 
tracting center  or  fibers;  and,  conversely,  myosis  may  be  caused 
either  by  local  irritation  of  the  pupil-contracting  center  or  ner\'e- 
fibers,  or  by  paralysis  of  the  pupil-dilating  center  or  ner\'e-fibers. 

«^    ,  .    .    f  Irritation  of  the  pupil-dilating  center  or  fibers. 
My  nasis  <y  paralysis  of  the  pupil-contracting  center  or  fibers. 

^      .    r  Irritation  of  the  pupil-contracting  center  or  fibers, 
josis  I  Paralysis  of  the  pupil-dilating  center  or  fibers. 

The  central  nervous  diseases  characterized  by  irritation  myosis 
are:  (i)  All  inflammations  of  the  brain  and  its  meninges,  whether 
simple,  epidemic,  tubercular,  syphilitic,  or  traumatic.  Myosis 
passing  over  into  mydriasis  is  of  grave  import  in  the  foregoing  con- 
ditions. (2)  Apoplexy.  (3)  The  early  stages  of  tumors  situated 
in  the  course  of  or  invohing  the  nucleus  of  the  third  nerve.  (4) 
The  onset  of  a  hysterical  or  epileptic  explosion.  (5)  Tobacco 
toxemia.     (6)  Beginning  hydrocephalus. 

Paralytic  myosis  is  most  likely  to  be  found  with  lesions  of  the 
cord  above  the  dorsal  region.  The  observation  of  pupils  of  2  mm. 
width  or  less  should  always  suggest  the  possible  existence  of  some 
latent  spinal  disorder.  Budge  long  since  gave  the  name  of  "spinal 
myosis'*  to  the  contracted  pupils  found  in  the  early  stages  of  gray 
degeneration  of  the  posterior  columns  of  the  cord.  When  the 
process  has  involved  more  important  structures,  the  Argyll-Robert- 
son phenomenon  appears.  Paralytic  myosis  is  also  seen  with 
hemorrhage  into  the  upper  part  of  the  pons,  general  paralysis  of 
the  insane,  paralysis  of  the  cervical  sympathetic  from  ancurismal 
or  lymphatic  gland  pressure,  anterior  poliomyelitis,  and  with  some 
forms  of  multiple  neuritis  (Mills). 

Mydriasis. — In  irritation  mydriasis  the  pupil  is,  as  a  rule, 
only  moderately  dilated,  and  still  reacts,  although  sluggishly,  to 
light  and  with  convergence.  It  does  not,  however,  respond  to 
sensor}'  or  psychic  stimuli.  Mydriasis  of  cerebral  origin  (probably 
paralytic)  points  to  grave  mischief  in  the  central  ner\'ous  system; 
of  spinal  origin,  to  probable  congestion  of  the  cer\*ical  cord.     Irri- 
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tation  mydriasis  is  to  be  expected  in  spinal  meningitis,  in  tumors 
of  the  spinal  cord,  in  high  intracranial  pressure,  and  also  in  ptomain 
poisoning.  Acute  mania  is  frequently  accompanied  by  irritation 
mydriasis,  and  intestinal  worms  have  been  known  to  produce  it. 
Sometimes  it  occurs  in  the  early  phases  of  locomotor  ataxia,  al- 
though myosis  is  rather  the  rule  if  any  pupillary  anomaly  occurs 
early  in  tabes.  Schmidt-Rimpler  says  that  in  uremic,  eclamptic, 
and  epileptic  convulsions  the  pupils  are  "wide  and  fixed,"  by 
which  means  these  diseases  may  be  distinguished  from  the 
seizures  of  uncomplicated  hysteria. 

Paralytic  Mydriasis  (iridoplegia)  is  not  uncommon  in  the  final 
stage  of  tabes.  It  has  also  been  known  to  follow  myosis  in  pro- 
gressive paralysis.  In  focal  or  disseminate  disease  at  the  base  of 
the  brain  paralytic  mydriasis  is  usual,  also  in  pressure  on  the 
ciliary  nerves  from  whatsoever  cause. 

Ineqtiality  of  the  Pupils. — ^After  excluding  ocular  disease  and 
optical  defects,  each  pupil  should  be  tested  separately;  the  more 
movable  one  is  usually  the  normal  one,  although  this  is  not  always 
easy  to  determine.  Unequal  pupils  are  more  or  less  common  in 
eyes  that  differ  greatly  in  their  refraction,  in  monocular  blindness, 
in  dental  disorders,  in  inflammation  of  the  cervical  glands,  in 
apoplexy,  acute  and  chronic  alcoholism,  general  paralysis  of  the 
insane,  terminal  dementia,  locomotor  ataxia,  and  disseminate 
sclerosis. 

Abnormal  Pupil  Reactions. — Disturbance  in  the  ordinary 
behavior  of  the  pupil  occurs  with  great  frequency  in  late  secondary 
syphilis  and  in  progressive  paralysis  and  tabes,  two  diseases  which 
are  held  to  be  due  to  some  unknown  modifications  of  the  syphilitic 
virus. 

Tabes  or  Locomotor  Ataxia. — In  1869  Arg}^ll-Robertson  called 
attention  to  the  fact  that  in  tabes  dorsalis  the  pupils  (which  are 
generally  smaller  than  normal)  did  not  contract  on  exposure  to 
bright  light,  but  would  contract  promptly  on  forced  convergence. 
This  disturbed  reflex  is  due  to  degenerated  Meynert's  fibers,  to 
disease  of  the  third  nerve  nucleus,  or  to  a  change  in  the  ciliary 
ganglion  in  the  orbit.  In  nearly  ever}'  case  of  locomotor  ataxia 
the  Argyll- Robertson  pupil  is  present. 
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Paralytic  or  Terminal  Dementia. — ^AU  manner  of  irregularity 
as  to  size  and  behavior  of  the  pupil  is  encountered  in  terminal 
dementia,  especially  as  seen  in  institution  inmates.  Morris  Lewis 
says  the  pupillary  reflexes  probably  disappear  in  the  follo\N'ing 
order:  (i)  The  sensory  reflexes;  (2)  the  light  reflex;  (3)  the  asso- 
ciated accommodation  and  convergence  reflex. 

The  Wernicke  Pupil  or  Hemiopic  Pupillary  Inaction. — The 
hemiopic  pupillary  inaction  sign  is  held  to  be  a  means  whereby 
one  can  determine  whether  a  given  lesion  is  situated  between  the 
optic  chiasm  and  the  corpora  quadrigemina,  or  beyond  the  latter 
structure  in  the  visual  pathway.  The  method  of  examination  of 
a  patient  with  lateral  hemianopsia  is  as  follows:  With  one  eye 
excluded  and  the  source  of  the  light  behind  the  patient,  the  eye 
under  examination  is  illuminated  by  a  plane  mirror  with  barely 
enough  light  to  watch  the  beha\'ior  of  the  pupil.  The  obser\'er 
then  throws  a  beam  of  more  intense  light  from  a  concave  mirror 
obliquely  into  the  pupil.  If  there  is  no  pupillary  contraction 
when  the  strong  light  beam  falls  upon  the  insensitive  half  of  the 
retina,  the  probabiUty  is  that  the  lesion  lies  somewhere  between 
the  chiasm  and  corpora  quadrigemina.  If  the  pupil  docs  not  con- 
tract when  the  insensitive  half  of  the  retina  is  stimulated,  the  lesion 
is  more  deeply  situated  and  beyond  the  quadrigeminal  bodies. 

Hippus  has  been  noted  in  paresis  of  the  third  nerve,  also  with 
nystagmus,  epilepsy,  the  late  stages  of  progressive  paralysis, 
multiple  sclerosis,  neurasthenia,  and  ihe  onset  of  acute  meningitis. 


CHAPTER  XVIII. 

OCULAR  SYMPTOMS  IN  GENERAL  DISEASES. 
OCULAR  HEADACHES. 

By  Casey  A.  Wood,  M.D.,  D.CX., 

Of  Chicago,  Illinois. 

There  are  few  aflFections  at  all  general  in  character  that  do 
not  sooner  or  later  compromise  some  part  of  the  ocular  structures, 
or  that  do  not  produce  some  disturbance  of  the  ocular  functions. 
To  some  extent  also  the  converse  is  true:  that  diseases  of  the  eye, 
and  particularly  disturbances  of  function,  promote  abnormal 
conditions  in  other  parts  of  the  body.  Moreover,  the  eye  con- 
tains examples  of  almost  all  the  tissues  found  in  the  body,  and 
disease  may,  and  often  does,  affect  any  or  all  of  these,  either  as 
part  of  a  general  process  or  as  a  purely  local  lesion.  In  other 
words,  the  pathologj'  of  the  eye  is  not  a  study  apart,  but  is  merely 
an  application  of  the  principles  proper  to  general  patholog\'.  If 
this  be  true,  it  is  an  argument  of  much  force  in  favor  of  pursuing 
the  practice  of  ophthalmology  as  if  it  were  part  of  the  study  of 
general  disease  and  not  of  an  isolated  organ  whose  affections  have 
no  connection  with  the  rest  of  the  organism. 

One  of  the  best  examples  of  this  mutual  dependence  is  found 
in  the  relations  that  exist  between  the  eye  and  the  ner\'ous 
system.  Disturbances  of  ocular  function,  as  well  as  changes 
in  the  eye  structures  are  often  only  symptoms  of  disease  of  the 
brain  and  spinal  cord.  The  development  of  the  oculo-ner\'ous 
apparatus  from  the  midbrain  might  lead  us  to  expect  the  part 
which  the  eye  invariably  plays  in  cerebral  and  spinal  diseases, 
especially  in  their  diagnosis.  Thus,  the  ocular  signs  of  tabes  dor- 
salis  arc  just  as  important  from  this  standpoint  as  are  the  lightning 
pains,  the  absent  knee-jerks,  the  ataxic  gait  and  lack  of  coordina- 
tion to  which  our  attention  is  so  unifoi*mly  directed.     The  prac- 
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titioner  who  would  ignore  these  aids  to  diagnosis  is  as  much  guilty 
of  neglect  as  would  be  the  ophthalmologist  who  attempts  to 
practise  his  specialty  without  keeping  himself  posted  in  general 
medicine  or  surgery. 

Probably  the  most  important  group  of  eye  diseases  resulting 
from  general  infection  are  the  syphilitic  affections,  congenital  and 
acquired.  Most  syphilitic  eye  lesions  are  characteristic  of  the 
disease,  and  so  furnish  valuable  evidence  of  the  nature  of  the 
process.  For  example,  in  lues  the  appearance  and  course  of  the 
corneal  infiltration,  of  the  choroidal  exudates,  of  the  iridic  inflam- 
mation, and  of  the  oculo- muscular  pareses  are  so  significant  of 
the  underlying  infection  that  they  are  as  valuable  in  establishing 
its  presence  as  is  any  other  evidence  usually  advanced  for  that 
purpose. 

Again,  certain  diseases  of  distant  organs,  while  they  seriously 
compromise  the  organ  of  sight,  do  so  indirectly  only,  and  then 
chiefly  by  interfering  with  its  function.  This  is  particularly  true 
of  the  organs  that  compose  the  digestive  and  reproductive  systems. 
Impaired  nutrition  and  defective  elimination,  the  causes  of  so 
many  serious  ills,  are  even  in  their  milder  manifestations  un- 
doubted causes  of  asthenopia.  Although  the  most  important  of 
these  will  be  considered  later,  it  is  not  to  be  forgotten  that  the 
visual  act  is  in  the  main  a  muscular  one,  and  anything  that  lowers 
the  general  tone  also  weakens  the  ciliar\'  and  extrinsic  muscles. 
In  treating  cases  of  muscular  asthenopia,  therefore,  this  fact 
should  always  be  borne  in  mind,  and  tonics,  regulation  of  the 
dietar\',  and  the  employment  of  all  measures  that  tend  to  correct 
the  digestive  vice  should  be  prescribed.  The  same  observations 
hold  with  uterine  and  ovarian  complications.  The  asthenopic 
symptoms  (kopiopia)  set  up  by  these  do  not  disappear  unless 
the  latter  are  cured.  BuUer  has  called  attention  to  a  form 
of  oculo-muscular  fatigue  that  for  this  reason  is  practically 
irremediable.  The  ophthalmologist  will  find  that  most  eye 
symptoms  are  aggravated  at  the  menstrual  period.  This  will 
serve  to  impress  upon  him  the  importance  of  considering  the 
adverse  nervous  conditions,  the  malaise,  and  the  insomnia  par- 
ticularly, with  which  he  must  reckon  if  he  will  successfully  relieve 


TUBERCULOSIS— RHEUMATISM  AND  GOUT.       459 

the  accommodative  fatigue,  the  photophobia,  the  eye  pains,  the 
extrinsic  muscular  anomalies,  and  the  other  ocular  symptoms 
from  which  a  certain  class  of  women  suffers. 

Tuberculosis. — Apart  from  the  so-called  lupus,  that  may 
attack  any  part  of  the  eye,  tubercle,  in  the  true  miliary  form,  is 
occasionally  deposited  in  the  iris  and  choroid.  The  value  of 
this  sign  in  general  diagnosis  is  weakened  by  the  fact  that  these, 
especially  choroidal  tubercle,  are  seen  only  in  the  late  stages  of 
tuberculosis,  after  the  poison  has  infected  the  whole  system  and 
shown  itself  unmistakably  in  other  organs. 

Rheumatism  and  Gout,  especially  the  former,  are  responsible 
for  many  diseases  of  the  eye  that  constitute  an  important  part  of 
the  general  infection.  Although  the  usual  form  in  which  the 
rheumatic  poison  manifests  itself  in  the  eye,  viz.,  iritis,  scleritis, 
and  tenonitis,  sometimes  accompanies  or  shortly  follows  the  acute 
articular  variety,  the  most  destnictive  and  most  protracted 
attacks  come  on  after  the  system  has  been  subject  to  the 
pathogenic  material  for  months  or  years.  The  eye  diseases 
are  more  likely  to  occur  with  the  relapses,  or  they  may  constitute 
the  sole  evidence  of  a  return  of  the  rheumatism.  Often  one  is 
reminded  by  the  occurrence  of  a  monocular  iritis,  A\athout  any 
other  sign  of  rheumatism,  of  those  instances  in  which  the  disease 
affects  a  single  joint.  If  one  can  exclude  syphilis,  gonorrhea, 
gout,  and  traumatism,  the  iritic  attack  is  almost  certainly  due  to 
rheumatism.  The  pain  is  usually  more  severe,  the  duration  of 
the  disease  is  longer,  relapses  are  commoner,  exudations  into 
the  anterior  chamber  are  more  frequent,  and  the  effects  of  treat- 
ment less  obvious  than  in  the  other  varieties.  Loss  of  sight  from 
the  formation  of  posterior  synechias  and  from  cyclitis  is  not  un- 
common in  this  form  of  iritis. 

Inflammation  of  Tenon's  Capsule  (Tenonitis)  due  to  rheu- 
matism resembles,  clinically,  the  inflammation  in  and  about  a 
joint,  for  -vve  notice  the  swelling  of  the  parts,  chemosis,  painful 
excursions  of  the  globe,  tenderness  on  pressure,  and  some  prop- 
tosis. 

To  the  fact  that  the  micro-organisms  or  toxins  upon  which 
rheumatism  depends  are  not  always  destroyed  or  eliminated  from 
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the  system  at  the  time  of  the  first  attack  is  probably  due  the  re- 
lapses characteristic  of  all  the  local  manifestations  of  the  disease. 
Relapsing  iritis  is  especially  to  be  feared,  as  it  may  result  in  infec- 
tion of  the  deeper  structures,  and  may  especially  lead  to  destruc- 
tive cyclitis  with  permanent  loss  of  vision.  The  probability  that 
gout  or  rheumatism  is  the  chief  factor  in  producing  glaucoma 
should  not  be  forgotten. 

Gonorrhea,  apart  from  direct  purulent  infection  of  the  con- 
junctiva (gonorrheal  ophthalmia,  ophthalmia  neonatorum  and  its 
grave  consequences),  is  of  interest  because  it  is  not  an  uncommon 
cause  of  iritis  of  the  rheumatic  type.  When  this  does  occur,  it  is 
likely  to  affect  both  eyes,  to  be  associated  with  muddy  aqueous 
or  solid  deposits  in  the  anterior  chamber,  and  to  recur  with  relapses 
of  the  gonorrhea  or  with  the  revival  of  a  gleety  discharge. 

Measles. — The  early  photophobia  and  peculiar  injection  of 
the  episcleral  vessels  in  the  first  stage  of  this  disease  are  an  aid  to 
an  early  diagnosis.  The  latter  sign  may  also  persist  even  after 
convalescence  as  a  part  of  the  conjunctivitis  that  occasionally 
remains.  As  a  rule,  however,  the  hyperemia  and  discharge  dis- 
appear with  the  dermal  and  mucous  membrane  infection.  Phlyc- 
tenules of  the  conjunctiva  and  cornea  and  occasionally  optic 
neuritis  have  been  observed,  but  ihesc,  especially  the  last,  are 
rare. 

Smallpox. — ^Akhough,  according  to  Adler,  pustules  appear  on 
the  lids  in  20  per  cent,  of  all  cases,  destructive  lesions  of  the  eye 
are  comparatively  rare,  and  are  mostly  of  the  confluent  variety. 
Palpebral  abscess  and  furuncles,  followed  by  entropion,  ectropion, 
and  trichiasis,  are  sometimes  noticed,  but  the  most  dreaded  of  all 
the  compUcations  are  pustules  of  the  cornea  (usually  at  the  sclero- 
corneal  junction)  which,  becoming  infected,  spread  and  produce 
deep  ulcer  with  hypopyon  and  loss  of  sight.  .At  first  these  re- 
semble simple  phlyctenules  and,  if  kept  clean,  heal  with  but  slight 
scarring.  The  serious  form  of  variolar  ulcer  is  a  late  manifesta- 
tion of  the  disease,  rarely  developing  until  the  end  of  the  second  or 
beginning  of  the  third  week.  The  eyes  should  always  be  carefully 
watched,  and  strict  asepsis  and  antise})sis  instituted  as  soon  as 
possible,  because  spreading  ulcer  may  usually  be  prevented  even 
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if  the  conjunctiva  and  corneal  margins  be  involved  by  the  small- 
pox pustules.  Dacn'ocystitis,  both  acute  and  chronic,  may  occur, 
and  calls  for  careful  treatment  as  much  because  of  the  danger  to 
the  cornea  from  infective  ulcer  as  to  prevent  stricture  of  the  nasal 
duct  and  permanent  damage  to  the  lacrimal  sac. 

Diphtheria. — Both  in  cases  where  the  infection  is  derived 
from  the  diphtheria  bacillus  alone,  as  well  as  in  those  severer  ex- 
amples of  mixed  poisoning,  the  eye  symptoms  are  important.  By 
far  the  most  serious  sequels  are  pareses  of  the  various  eye  muscles. 
As  these  uniformly  follow  in  from  two  to  four  weeks  after  the  diph- 
theria has  run  its  course,  w^e  may  assume  that  they  are  the  result 
of  the  bacillus-ptomains.  It  is  characteristic  of  the  muscular 
paralyses  that  they  are  incomplete,  that  they  disappear  spontane- 
ously in  from  four  to  eight  weeks,  and  that  they  affect  the  ciliary 
muscle  without  implication  of  the  iridic  fibers.  Although  the 
accommodative  pareses  may  succeed  patches  on  any  mucous 
area,  it  is  the  infective  pharv'ngitis  that  is  most  frequently 
followed  by  ciliar)'  weakness.  Paralysis  of  the  other  eye  muscles 
is  rather  rare.  Ewetsky  and  Mendel  have  reported  such  cases 
of  ophthalmoplegia  externa,  while  the  writer  has  seen  one 
case  in  which  there  was  almost  complete  bilateral  paresis  of  the 
external  muscles  supplied  by  the  third  ner\-e.  These,  like  the 
other  post-diphtheritic  paralyses,  are  peripheral  in  character — an 
infective  neuritis. 

As  examples  of  remote  involvement  of  the  ocular  structures 
in  diphtheria  may  also  be  mentioned  neuro-paralytic  keratitis 
from  trigeminus  and  facial  paralysis,  optic  neuritis  resulting 
from  infection  of  the  middle  ear,  and  persistent  mydriasis,  mon- 
ocular or  binocular.  Corte  claims  that,  so  long  as  the  pupillary 
reaction  to  light  is  intact,  recovery-  is  probable;  it  matters  not  how 
serious  the  diphtheritic  attack  may  be,  if  the  pupils  are  immovable, 
a  lethal  termination  is  certain.  Finally,  conjunctival  diphtheria 
is  seen  either  as  a  primary  lesion  or  as  a  sequel  of  the  disease  in 
the  pharynx,  nose,  or  larynx.  Destruction  of  the  cornea  and  loss 
of  sight  may  follow  this  infection,  as  was  well  illustrated  in  the 
practice  of  the  writer.  In  a  child,  five  years  old,  a  patch 
appeared  on  the  right  upper  lid.     A  central  ulcer  on  the  cornea 
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followed  in  spite  of  all  precautions,  and  a  leucoma  finally  covered 
the  entire  pupillar)^  area.  A  subsequent  iridectomy  gave  i  of 
normal  vision*  The  treatment  of  ocular  diphtheria  is  that  of  the 
disease  elsewhere. 

Influenza, — Owing  to  the  epidemic  character  of  this  disease 
it  has  been  studied  with  unusual  care  in  recent  years,  and  almost 
every  eye  disease  has  been  directly  or  indirectly  attributed  to  it. 
It  is  probable,  howeverj  that  genuine  ocular  complications  are  rare 
and  are  not  characteristic  of  la  grippe.  Prominent  among  these 
are  outbreaks  of  acute  glaucoma,  serous  iritisj  and  affections  of 
the  optic  nerve.  The  writer  has  observed  two  instances  of  optic 
neuritis  that  were  undoubtedly  sequels  of  inlluenza,  one  of  ihem 
followed  by  progressive  atrophy  and  blindness*  In  some  in- 
stances paralysis  of  the  ciliar)'  and  extrinsic  muscles  follows 
the  grippe,  when  the  disease  resembles  diphtheria  in  its  effects 
upon  deglutition  and  speech.  In  like  manner  iritis  and  dacr}^o- 
cystitis  are  described  and  attributed  to  influenza.  Secondarj^  to 
the  meningitis  of  this  disease  have  been  noticed  plastic  uveitis  and 
panophthalmitis. 

Malaria. — The  ocular  symptoms  set  up  by  the  invasion  of 
the  Plasmodium  present  the  characteristics  of  other  malarial 
affections.  Supraorbital  and  ciliar\'  neuralgia  is  probably  the 
most  common  eye  sj^nptom,  modified  or  cured,  as  with  the  neu- 
ralgias elsewhere  in  the  body,  by  the  exhibition  of  quinin.  In  aB 
cases  of  doubtful  malarial  disease  of  the  eye^  and  particularly  of 
the  recurrent  neuralgia  of  that  organ,  it  is  always  well  to  examine 
the  blood  for  the  presence  of  plasm  odium  malariae.  Retrobulbar 
neuritis,  as  well  as  more  peripheral  affections  of  the  oplic  nerve, 
occasionally  shown  by  edema  of  the  papilla,  have  been  observed, 
Sulzer  has  noted  phosphenes  and  photophobia  with  central 
scotoma,  and  hyperemia  of  the  disk  in  20  per  cent,  of  cases  ob- 
served by  him  during  and  after  attacks  of  ague.  Organic  changes 
in  the  fove^  corresponding  to  these  symptoms  were  also  observed, 
but  the  author  claims  that  they  invariably  improve*  Hemorrhages, 
leaving  deposits  from  pigment  emboli,  may  be  seen  in  the  retina 
just  as  they  are  found  in  other  organs  affected  by  chronic  malaria. 
Probably  the  incurable  cases  of  malarial  amblyopia  are  due  to 
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cerebral  emboli  and  secondary  changes  in  the  cortex  or  base 
produced  by  them.  Kipp  has  also  described  a  chronic  malarial 
keratitis,  exhibiting  streaks  or  patches  attacking  the  superficial 
layers  of  the  cornea,  accompanied  by  anesthesia  of  the  parts  and 
characterized  by  tenderness  at  the  supraorbital  notch. 

Typhoid  Fever. — ^There  are  no  eye  affections  characteristic 
of  this  disease,  although  it  has  certain  sequels.  The  most  common 
is  insufficiency  of  accommodation  and  convergence  (with  mydri- 
asis), amounting  often  to  paresis.  Asthenopic  symptoms,  due  to 
the  general  muscular  weakness  of  convalescence,  are  observed 
just  as  they  are  during  recovery  from  any  of  the  continued 
fevers.  Attempts  to  read  are  followed  by  headache,  blurring 
and  "mixing"  of  the  print,  smarting,  burning,  and  pains  in  the 
eyes.  The  temptation  to  read,  sew,  or  even  to  write  should  be 
resisted  at  such  periods,  and  all  forms  of  near-work  ought  to  be 
avoided  until  the  muscular  debility  has  disappeared.  It  is  some- 
times necessary  to  order  glasses  to  correct  a  latent  astigmatism  or 
hyperopia  that,  previous  to  the  attack,  had  given  no  trouble — a 
correction  that  may  have  to  be  worn  for  many  months  after  the 
febrile  symptoms  have  passed. 

During  the  period  of  stupor,  accompanied  by  half-opened 
eyes,  the  cornea  may  become  so  drj'  that  the  protecting  epithelium 
is  removed,  and  infection  of  the  globe  results.  Probably  the  best 
prophylactic  treatment  of  the  eye  during  the  somnolent  stage  is  to 
wash  out  the  conjunctival  sac  and  to  cleanse  the  lids  every  two  or 
three  hours  with  the  physiologic  salt  solution,  or  with  a  2  per 
cent,  solution  of  boric  acid,  followed  by  the  instillation  of  a  small 
quantity  of  warm,  sterile  vaselin.  Conjunctival  and  corneal 
phlyctenules  are  also  present  during  convalescence,  and  call  for 
much  the  same  treatment.  Optic  and  retrobulbar  neuritis  are 
among  the  sequels  of  enteric  fever.  They  arc  due,  in  some  in- 
stances, to  the  direct  effects  of  the  typhoid  poisoning,  in  others  to 
the  cerebral  complications  of  the  disease.  Amaurosis  without 
fundus  changes,  cyclitis,  plastic  and  serous  iritis,  muscular  pareses, 
hyalitis,  and  various  changes  (cataract,  albuminuric  retinitis  due 
to  complicating  diabetes  and  renal  lesions)  have  also  been  noted. 
The  writer  ol)servcd  five  years  ago  a  j)o$t-bulbar  abscess,  requiring 
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a  deep  incision  with  drainage  for  several  weeks,  in  a  young  and 
otherwise  healthy  man,  resulting  from  an  orbital  periostitis.  This 
was  accompanied  by  a  "fever  sore*'  in  one  of  the  phalanges,  and 
was  probably  of  the  same  character. 

Constitutional  Diseases. — This  is  a  convenient  name  to 
indicate  certain  systemic  conditions  of  which  the  most  important, 
from  the  ocular  standpoint,  are — diabetes,  Basedow's  disease, 
rickets,  chlorosis  and  anemia  of  all  kinds,  acute  and  chronic 
hemorrhages  and  discharges,  and  leukemia.  In  almost  all  of  them, 
whatever  other  eye  symptoms  are  present,  one  witnesses  those 
signs  of  general  debility,  such  as  weakness  of  accommodation, 
anomalies  of  the  extrinsic  ocular  muscles,  periodic  loss  of  sight, 
lacrimation,  frontal  headaches,  restriction  of  the  visual  fields, 
pain  and  blurring  on  attempting  to  use  the  eyes,  and  a  sense  of 
fatigue. 

Diabetes. — This  sign  of  pancreatic  or  cerebral  disease  is 
always  associated  with  marked  alterations  in  the  nutrition  of  the 
eye  structures.  If  a  decided  glycosuria  exist  long  enough,  and 
particularly  if  the  patient  reach  middle  life,  cataract  is  likely  to 
occur.  Should  lenticular  opacities  show  themselves  early  in  the 
disease,  their  progress  is  usually  rapid,  and  there  is  a  distinct 
swelling  of  the  lens  and  change  in  its  refraction.  Diabetic  cataract 
is  almost  invariably  bilateral,  although  one  lens  may  exhibit  greater 
opacity  than  its  fellow.  It  is  probable  that  the  circulation  of  glu- 
cose and  other  abnormal  products  in  the  blood  affects,  first  of  all, 
the  ciliary  vessels,  then  the  nutritive  supply  to  the  lens,  and  finally 
produces  alterations  in  the  elements  of  the  fibrillae.  In  other  words, 
we  have  to  deal  with  one  form  of  toxic  amblyopia.  It  is  in  the 
first  stage  of  this  variety  of  cataract  that  one  notices  occasional 
clearing  up  of  the  opacities  should  the  patient  wholly  or  partially 
recover  from  the  constitutional  disease.  To  this  fact  is  probably 
due  the  so-called  "cures"  of  cataract  from  massage,  cineraria 
maritima,  etc.  When  organic  changes  have  taken  place  in  the 
crystalline  structures  themselves,  the  alterations  spread  or  they 
remain  in  statu  quo  even  when  the  general  cachexia  disappears. 
Another  important  result  of  the  ocular  invasion  in  diabetes  is 
disease  of  the  optic  nervx  and  retina  resembling  the  so-called  albu- 
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minuric  retinitis.  Hirschberg  has  described  two  forms,  the  first  of 
which  is  bilateral  and  characterized  by  small  whitish  areas  accom- 
panied by  minute  hemorrhages.  It  is  rarely  associated  with  retinal 
or  papillary  edema  or  tortuous  vessels.  This  picture  will  usually 
serve  to  distinguish  diabetic  retinitis  from  the  albuminuric  variety. 
The  fundus  in  the  second  form  reveals  larger  retinal  hemorrhages 
and  infarcts  with  cloudiness  or  opacities  of  the  vitreous. 

The  occurrence  of  extensive  or  recurrent  retinal  hemorrhages 
in  diabetes  evidences  disease  of  the  systemic  capillaries,  and  a 
fatal,  probably  early,  termination,  just  as  it  does  in  Bright's  dis- 
ease. A  diabetic  retrobulbar  neuritis  has  often  been  mentioned 
by  authors.  The  central  scotomata  in  some  cases  are  for  a  time 
entirely  relative,  and  if  seen  in  alcoholics  and  smokers  make  it 
difficult  to  say  whether  they  are  solely  due  to  the  action  of  the 
glycosuric  poison  or  not.  Later  in  the  disease  the  green  scoto- 
mata grow  large  and  the  field  for  white  becomes  involved.  Know- 
ing as  we  do  the  intimate  relations  existing  between  diabetes,  early 
cataract,  retinal  hemorrhages  without  optic  neuritis,  retrobulbar 
neuritis,  and  optic  atrophy,  the  urine  of  patients  suffering  from 
these  diseases  should  always  be  examined  at  inten-als  for  sugar. 
Eye  affections  are  rare  in  diabetes  insipidus,  although  the  writer 
saw  in  1889  a  case  of  simple  polyuria  in  which  retinal  changes 
resembling  those  above  described  could  be  explained  only  on  the 
assumption  of  a  diabetic  retinitis. 

Rachitis. — This  nutritive  vice  is  comparatively  rare  in  native- 
bom  Americans,  but  imported  examples  of  it  are  often  seen,  es- 
pecially in  our  seaports  and  larger  cities.  It  is  a  common  cause  of 
lamellar  cataract.  This  usually  develops  in  the  first  years  of  life, 
and  may  even  be  produced  as  an  intrauterine  affection.  Whatever 
be  its  precise  mode  of  development,  the  majority  of  observers  agree 
that  it  is  associated  with  the  general  convulsions  of  rickets.  Arlt 
claimed  that  it  is  a  sort  of  "  concussion ''  cataract,  but  the  immediate 
cause  is  more  hkcly  the  violent  nutrition  disturbances  in  the  lens 
system  following  spasm  of  the  ciliary  muscle  and  the  muscular 
coats  of  the  vessels  supplying  it.  The  spasms,  coming  on  while 
the  lens  is  still  in  the  formative  stage,  produce  a  bipolar  opacity 
that  probably  shrinks  somewhat,  but  which  mostly  affects  both 
30 
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capsules.  The  lens  continues  to  grow,  and  eventually  one  finds  a 
clear  nucleus,  ihc  old  laminate  opacity,  and  new  transparent 
fibers  between  it  and  the  capsules.  If  the  convulsions  and  nu- 
tritive changes  recur,  another  opaque  layer  is  deposited  until  a 
cataract  of  the  multiple  lamellar  variety  is  formed. 

Exophthalmic  Goiter  (Ba^^dow^s  or  Graves^  Diseased. — This 
peculiar  affection  presents  many  eye  signs,  besides  the  proptosis. 


Fig*  237.— Exophthalmic  Goiter.     (A  case  under  ihe  tart  oi  Dr.  S*  S-  Cohen.) 


that  are  extremely  valuable  for  diagnostic  purposes.  Sometimes 
one  or  more  of  these  may  be  the  only  symptoms  of  the  disease. 
Partial  abolition  of  the  sensibility  of  the  cornea  is  present  in  many 
cases,  and  is  the  explanation  of  some  of  the  other  eye  signs.  As  a 
proof  of  thisj  the  chief  phenomena  of  the  disease  may  be  produced 
artificially  by  instilling  into  the  conjunctival  sac  of  a  normal 
subject  a  few  drops  of  a  5  per  cent,  solution  of  cocain.     Graefe's 
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symptoin  is  an  important  and  constant  one.  If  the  patient  be 
instructed  to  look  straight  ahead  and  then  slowly  downward,  the 
upper  hd  will  be  found  to  lag  behind.  It  does  not,  as  in  normal 
cases,  maintain  a  uniform  distance  between  the  upper  palpebral 
margin  and  the  sclerocomeal  junction,  but  shows  a  portion  of  the 
white  sclera*  Sharkey  found  this  sign  absent  in  only  2  per  cent,  of 
a'large  number  of  cases,  Graefe  attributed  it  to  spasm  of  Miiller*s  \ 
muscle,  due  to  irritation  of  the  sympathelicj  but,  as  the  cocain 
experiment  also  produces  it,  one  may  believe  thai  it  is  of  purely 
peripheral  origirij  and  caused  by  the  loss  of  the  corneal  touch-sense, 

To  this  cause  is  also  due  the  staring  appearance  {Dalrympk^s 
sign)  presented  by  the  patient,  the  interpalpebral  aperture  being 
decidedly  widened  owing  to  retraction  of  the  upper  lid. 

The  infrequent  winking  characteristic  of  Graves*  disease  is 
known  as  Siellwag^s  sign.  Under  normal  conditions  the  individual 
closes  his  eyes  involuntarily  from  6  to  10  times  per  minute.  This 
phenomenon  is  reduced  in  exophthalmic  goiter  to  three  times,  and 
even  in  some  cases  to  once,  per  minute. 

The  exophtfmlnws  is  due  to  increased  growth  of  the  orbital 
contents,  to  edema,  and  to  congestion  of  the  retrobulbar  vessels. 
As  a  proof  of  this,  a  venous  bruit  or  tremor  can  occasionally  be 
heard  when  the  stethoscope  is  placed  over  the  closed  lids.  This 
appearance  of  bulging  is  accentuated  by  the  increased  width  of  the 
interpalpebral  fissure.  Marked  epiphara  has  also  been  noticed;  it 
often  occurs  as  an  early  symptom,  and  may  be  classed  with  the 
sympathetic  sweating  so  common  in  the  disease. 

Inequality  oj  the  pupils  as  well  as  mydriasis  (due  to  sympathetic 
irritation),  with  a  normal  pupillaiy^  reaction  to  light,  are  present  in 
many  cases*  Another  peculiar  phenomenon  has  been  noticed, 
viz,,  pulsation  of  the  retinal  arteries  and  arterioles  (Becker^s  sign) 
in  the  presence  of  normal  and  subnormal  tension*  Muscular 
pareses,  as  well  as  weakness  of  both  internal  and  external  eye 
musclesj  constituting  the  sign  of  Mobius,  form  a  paraUel  to 
other  muscular  defects  in  Graves*  disease,  and  point  to  an  auto- 
infection  from  the  products  of  the  diseased  thyroid  gland,  Knies 
remarks  that  the  exophthalmos  resembles  all  the  other  symptoms 
in  that  it  may  occur  in  paroxysms,  may  diminish  or  increase  or  may 


Fig.  a28*^PRiitARY  Atrophy  of  the  Oync  Xeeve.  following  Protpse 
iNTKSTDrAL  Hemoiirhage.  A  cilio- retinal  vessel  passes  from  the  lowtrr 
temporal  portion  of  disk  toward  the  macular  repon. 

accommodation — inability  to  read,  fatigue  of  and  pains  in  the 
eyes,  etc.  Deposits  in  the  retina  and  choroid  and  even  neuro- 
retinitis  with  hemorrhage  are  seen  now  and  then,  but  they  are 
comparatively  rare,  and  when  present  result  in  no  permanent  harm 
if  the  anemic  sj^nptoms  are  relieved. 

The  specific  new  formations  in  the  lymph  glands  and  spleen 
(particularly  those  that  mark  the  so-called  leukemia)  furnish  an- 
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other  example  of  auto-intoxication  with  definite  ocular  changes,j 
A  bilateral  retinitis,  with  numerous  hemorrhages  resembling  the 
albuminuric  form,  is  the  most  important  of  these^  due,  as  usual,  to 
fatty  and  other  alterations  in  and  about  the  minute  capillaries- 
Fundus  and  vitreous  changes,  differing  from  but  related  to  ret- 
imtis  albuminurica,  ha^^e  also  been  discovered  in  the  advanced 
stages  of  the  disease.  Becker  beheves  that  minute  neoplasms,  the 
result  of  lymphoid  aggregationj  form  in  the  retinal  substance,  and 
constitute  a  portion  of  the  ophthalmoscopic  picture. 

Acute  and  Chronic  Hemorrhages  (hemaluria,  melcna,  hem- 
atemesis,  post-partiim  bleeding,  severe  epislaxis)  are  followed 
occasionally  by  amblyopia 
from  loss  of  blood.  Atrophy 
of  the  optic  nen^e,  often  show- 
ing evidences  of  a  previous  re- 
trobulbar neuritis,  may  set  in 
weeks  or  months  after  these 
accidents  and  end  in  complete 
blindness*  The  sudden  dis- 
turbance of  nutrition  of  the 
opticus  is  responsible  for  such 
a  serious  sequel,  and  the  pos- 
sibihty  of  it  should  ever  be 
borne  in  mind.  The  atrophy 
is  often  preceded  by  a  mild 
optic    neuritis    %vith     retinal 

patches  and  hemorrhages*  In  all  likelihood  there  is  previous  sys- 
temic disease,  and  some  observers  believe  that  the  optic  disease 
never  occurs  after  these  severe  bleedings  except  in  unhealthy  sub- 
jects, and  only  when  blood  is  effused  from  the  trunk  of  the  central 
artery  into  the  substance  of  the  nerve* 

The  writer  was  recently  consulted  by  a  woman  whose  defective 
sight  set  in  three  weeks  after  a  prolonged  and  severe  uterine  hemor- 
rhage* Both  optic  nerves  were  pale  and  muddy  and  there  were 
traces  of  retinal  hemorrhages. 

Nasal  Disease. — There  is  a  close  connection  between  diseases 
of  the  nose  and  eye.     This  is  seen,  for  example,  in  the  hyperemia 


Fic-  2^Q. — Visual    Fielb    in    a    Case 
OF  pROFUsi:  Intestinal  Hemorjihage* 

BLmDNESS  IN  THE  LEFT  EyI. 
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and  inflammation  of  the  conjunctiva  with  epiphora  and  inability 
to  use  the  eyes  with  comfort,  in  many  cases  of  acute  and  chronic 
rhinitis.  It  is  well  known  that  asthenopia,  accompanied  by  scleral 
redness,  lacrimation,  and  other  ocular  symptoms,  may  entirely 
disappear  after  the  cure  of  a  lacrimal  duct  obstruction^  the  removal 
of  a  nasal  ecchondrosis,  pohT^us,  or  adenoid  growth,  the  treatment 

of  a  hypertrophic  rhinitis,  or 


the  snaring  of  an  enlarged  pos- 
terior end  of  a  turbinated 
bone. 

Examination  of  the  nose 
should  never  be  neglected.  It 
is  probable  that  most  cases 
of  lacrimal  sac  disease,  with 
its  danger  of  conjunctival 
and  corneal  infection,  are  due 
to  diseases  of  this  organ.  In 
children  phlyctenular  keratitis 
and  conjunctivitis  are  almost 
invariably  associated  with,  if 
not  caused  by,  nasal  eczema. 
Indeed,  some  authorities,  like 
Homer,  call  the  disease  **ec~ 
;^cma  of  the  cornea  and  con- 
junctiva,"  Disturbances  of 
the  ocular  function  occasion- 
ally foUow  operations  on  the 
nasal  tract-  Among  these  are 
reflex  asthenopia  and  ambly* 
opia — a  traumatic  hysteria*  Disease  of  the  accessory  sinuses,  espe-^ 
cially  pent-up  secretions  in  the  frontal,  sphenoid,  and  maxillary 
cavities,  as  well  as  caries  and  necrosis  of  the  ethmoid  or  sphenoid 
bone,  give  rise  to  supraorbital  and  infraorbital  neuralgia,  and  when., 
the  secretions  resulting  from  these  diseases  break  into  the  orbit, 
edema  of  the  lids  and  conjunctiva,  proptosis,  paralysis  of  thi 
straight  muscles,  optic  atrophy,  and  loss  of  vision  may  result. 


FiCJ.  a^o.— DouBLK  OKnn  AL  Cellulitis 
FROM  Thrombosis  op  thk  Lateral 
Sinuses. — {From  a  patttni  uf^der  ike 
cart  0}  Dr.  C  S.  Turnbtdl.) 
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Diseases  of  the  Ear  rarely  produce  eye  symptoms,  but  one 
or  two  exceptional  conditions  must  be  mentioned.  Vertigo  and 
blepharospasm  may  be  produced  by  foreign  bodies  in  the 
external  auditor}^  meatus,  while  optic  nerve  inflammation  often 
follows  chronic  purulent  infections  of  the  middle  ear  from  disease 
of  its  bony  walls  and  contents,  with  or  without  cerebral  com- 
plications. Zan  believes  that  the  most  certain  indications  for 
operative  interference  in  these  ear  affections  are  to  be  found  in 
the  fundus.  He  declared  that  the  danger  of  a  fatal  termination 
in  middle-ear  disease  is  nil  so  long  as  papillar}-  h}^eremia, 
edema  of  the  nerv^e-head,  or  a  *'choked  disk,"  corresponding  or 
not  to  the  diseased  ear,  is  absent-  When  any  of  these  declares 
itself,  the  removal  of  the  pus  and  of  its  source  should  be  at  once 
attempted, 

Diseases  of  the  Vascular  System.— The  ophthalmic  artery 
arises  directly  from  the  internal  carotid.  Its  branchj  the  central 
artery  of  the  retina,  supplies  the  optic  nerve,  whose  tissues  it 
pierces  about  1.5  cm.  behind  the  papilla.  In  this  way  the  eye 
is  intimately  associated  with  most  diseases  of  the  heart,  large 
vessels,  and  brain  structures.  The  venous  and  lymph  streams 
are  just  as  closely  connected  with  the  cerebral  canals,  and 
constitute  portals  through  w^hich  infection  may  find  its  way 
to  and  from  the  cranial  cavity  and  from  remote  organs.  It  is 
thus  easy  to  understand  why  eye  symptoms  may  be  of  value  in 
the  diagnosis  of  disease  in  comparatively  distant  parts  of  the 
organism. 

Diminished  blood-supply  may  lead  to  insufficient  nutrition  and 
danger  to  the  optic  nerve;  conversely,  increased  blood-pressure  in 
either  arteries  or  veins  commonly  expresses  itself  in  overfilled 
retinal  vessels — a  condition  readily  recognized  by  the  ophthalmo- 
scope. Moreover,  changes  in  the  intima  or  walls  of  the  systemic 
capillaries  can  often  be  detected  with  greater  ease  and  certainty 
by  the  ophthalmoscope  than  by  other  means.  It  frequently  hap* 
pens  that  the  first  indication  of  these  lesions  is  discovered  by  the 
ophthalmologist.  The  ophthalmoscope,  in  this  way,  reveals 
the  vascular  alterations  of  arteriosclerosis,  atheroma,  syphilitic 
changes,  leukemia,  chronic  poisons,  and  other  infectious    dis- 
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eases.  The  last-named  is  mentioned  with  special  reference  to 
the  warning  given  by  de  Schweinitz  that  even  subconjunctival 
bleedings  (particularly  if  recurrent  and  in  subjects  over  forty 
years  of  age)  should  give  rise  to  a  suspicion  of  vascular  disease, 
and  a  suitable  systemic  examination  should  follow.  In  aortic 
insufficiency  there  is  practically  always  pulsation  of  the  retinal 
arteries,  alternating  with  filhng  of  the  veins  and  synchronous 
with  the  wrist  pulse.  These  phenomena  arc  due  to  a  com- 
pensating hypertrophy  of  the  left  ventricle,  and  it  may  aflfect 
not  only  the  arterial  trunk  and  the  primary  branches  of  the 
central  artery  of  the  retina,  but  the  distention-wave  may  reach 
even  the  minutest  capillaries. 

Distant  diseases  of  the  cardio-vascular  system  may  be  a  cause 
of  ocular  embolism  and  thrombosis.  The  effect  upon  the  eye 
structure  depends  upon  the  character  of  the  original  embolus. 
When  it  is  infective,  as  in  purulent  affections  of  the  lungs, 
uterus,  etc.,  and  in  ulcerative  endocarditis,  panophthalmitis  or  a 
destructive  choroiditis  may  be  set  up.  Non-infective  embolism 
and  thrombosis  of  the  retinal  and  choroidal  vessels  are  much 
more  common.  In  the  latter  instance  a  w^hite  atrophic  patch, 
usually  pigmented,  results.  Owing  to  the  numerous  anastomoses 
in  the  vascular  choroid,  vision  is  unaffected  except  at  the  point 
where  the  plug  has  lodged.  It  is  quite  different  with  the  same 
process  in  the  retina.  The  retinal  arteries  form  part  of  a  terminal 
circulation,  and  the  lodgment  of  a  plug  in  an  arteriole  is  followed 
by  functional  loss  in  the  area  supplied  by  that  vessel.  The 
perimeter  marks  with  precision  this  territory,  which  does 
not  recover  its  lost  function  as  long  as  no  blood  passes  the 
point  of  strangulation,  unless  a  cilio-retinal  vessel  furnishes 
nutrition  from  the  ciliary  system.  Five  cases  of  complete  and 
partial  embolus  have  come  under  the  observation  of  the  writer, 
and  the  perimeter  charts  in  the  text  sen-e  to  point  out  how 
completely  vision  is  lost  in  those  portions  of  the  field  cut  off 
from  their  normal  blood-supply,  and  how  distinct  is  the  line  of 
demarcation  that  separates  the  tissues  supplied  with  blood  from 
the  anemic  sections.     In  the  shaded  areas  (Fig.  231)  the  blood- 
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current  was  not  entirely  blocked.  When  improvement  occurs  we 
may  suppose  that  there  has  been  established  a  collateral  circulation 
through  the  deep  ciliary  system  (cilio- retinal  vessels),  branches 
of  which  are  often  absented  rising  through  the  nerv*e-head,  appar- 
ently indepejtdent  of  the  central  arterj^,  and  supphed  to  the  central 
retina.  This  is  the  case  in  the  instance  illustrated  by  Fig.  233- 
The  patient  was  a  man,  aged  fifty-sixj  who  had  acute  articular 
rheumatism  followed  by  val\nilar  disease  of  the  heart.  The  left 
fundus  showed  all  the  evidences  of  total  embolism,  except  that 
around  the  macular  region  the  retina  and  choroid  were  practically 
normal.  The  visual  fields  of 
this  case  are  shown  in  Figs, 
234  and   235, 

Shortly  after  a  branch  em- 
bolism, the  retinal  section  sup- 
plied by  it  becomes  whitish- 
opaque,  with  well-defined 
edematous  edges.  Fatty 
patches  and  cholesterin  crys- 
tals appear  later  on  the 
affected  area,  and  this  stage 
of  degeneration  is  likely  to 
be  followed  by  partial  optic 
atrophy  and  even  by  pro- 
gressive disease  of  the  whole 
nenx*  The  embolus  itself  is 
often  seen  with  the  ophthalmoscope  and  has  been  recognized  at 
the  autopsy.  When  the  parent  vessel  is  occluded,  the  branches 
collapse,  the  veins  are  small,  and  the  disk  is  paler  than  usual. 
The  whole  fundus  shows  a  whitish  edema  except  at  the  macular 
region,  where  the  coloration  is  preserved,  constituting  the  well- 
known  "cherry-spot."  The  patient  is  stricken  with  sudden 
blindness,  rarely  accompanied  by  pain  or  shock,  the  disk  becomes 
gray  or  white,  and  the  arteries  are  eventually  reduced  to  threads 
of  connective  tissue. 

The  extent  of  the  damage  and  the  possibility  of  its  repair 
depend  upon  the  position  and  character  of  the  embolus.     If  this 


Flo.  231. — Field  of  Vision  poh  WttOT 
js  Partial  Embolism  of  the  Central 
Ajiter\  of  the  RETmA. 
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Fig.  233, — Embolism  of  the  Central  Retii^al  Arterv. 
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Fig.  334. — Fields  or  Vision^  Embolism  Ckstual  Artery  op  the  RETtNA. 
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Fig.  2^$. — Field  of  VisroN*  Embolism 
Central  Aktery  ok  the  Retina. 


be  a  solid  fibrous  plug,  caught  at  the  bifurcation  of  a  vessel. 
it  will  not  entirely  block  the  passage  of  blood,  and  the  final  effect 
upon  the  area  supplied  by  it  will  be  less  disastrous  than  if  the 
embolus  be  of  softer  material  and,  adapting  itself  exactly  to  the 

lumen  of  the  vessel,  compJetely 
shut  off  the  blnod-stream.  If 
the  caliber  of  the  obstructed 
vessel  can  be  increased  even 
for  a  few  days  after  the  critical 
moment  of  the  embolism,  it  is 
to  be  desired,  Amyl  nitrate 
inhalations,  as  suggested  by 
Harold  Gifford,  might  well  be 
employed  either  alone  or  as  an 
adjunct  to  iridectomy^  para- 
centesis, or  massage.  The 
reputation  of  the  last-named 
remedy  rests  upon  a  few  suc- 
cessful cases. 
Diseases  of  the  Nervous  System* — Owing  to  generous 
anastomoses  at  the  circle  of  Willis,  and  to  the  fact  that  the  cerebral 
supply  does  not  ahogether  come  from  the  internal  carotid,  cere- 
bral hyperemia,  hemorrhage,  embolism,  and  thrombosis  present 
no  distinctive  eye  signs.  On  the  other  hand,  lesions  and  new 
growths  of  the  meninges,  cord,  and  brain  are  often  accom- 
panied by  changes  within  the  eye<  In  abscess  of  the  brain  due 
to  infectious  emboli  and  purulent  otitis  media  (see  page  471), 
''choked  disk''  may  appear,  but  not  so  often  as  in  the  neoplasms; 
moreover,  the  papillary  swelling  is  less  marked  than  in  tumor. 
When  abscess  occurs  at  the  base  there  is  also  exophthalmos, 
edema  of  the  eyelids,  photophobia,  pain,  and  sometimes  (Knies) 
conjugate  deviation  of  the  eyes  and  head  toward  the  side  of  the 
abscess.  This  is  usually  followed  by  oculomotor  paralysis  and 
blindness.  Should  recovery  take  place,  defects  in  the  visual 
fields,  especially  for  colors,  are  noted,  while  central  mion  is  never 
entirely  restored. 

Brain  Tumor. — The   eye-signs    of    cerebral    tumor   depend 
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almost  as  much  on  its  character  and  mode  of  growth  as  on  its 
site.  Neoplasms  encroaching  upon  the  parts  at  the  base  of  the 
brain  J  and  in  particular  upon  the  cerebellum  ^  are  most  likely 
to  cause  ocular  symptoms.  If,  how€%^er,  the  new  growth  develops 
slowly  and  gradually,  pushes  the  surrounding  tissues  to  one  sidcj 
and  does  not  press  upon  them  unduly,  it  may  reach  a  considerable 


Fig,  236. — Nerve  and  Retinal  Changes  in  a  Case  of  Tctmor  of  th£  Fourth 
Ventricle,  SiMtr latino  Albuminuric  Retinttis. 

size  and  even  invade  the  region  of  the  optic  radiations  without 
setting  up  an  optic  neuritis  or  a  muscular  paresis*  The  converse 
is  true:  tumors  that  grow  rapidly  (espedallv  those  surrounded  by 
an  inflammatory  zone)  and  produce  the  usual  signs  of  cerebral 
irritation  and  compression,  are  conspicuously  those  that  set  up 
eye-signs  even  when  they  do  not  directly  affect  the  great  central 
neurons.     The  cerebrospinal    tumor*areas,  in  order  of  impor- 
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tance  from  the  eye  standpoint,  are  the  following:  The  parts  in  and 
about  the  fourth  ventriclej  other  basal  neurons,  the  cerebellum, 
the  occipital  lobes,  the  spinal  cord  including  the  medulla,  the 
frontal  lobes,  other  superior  convolutions^  the  tractus  opticus  and 
chiasm,  the  meningeSj  and  the  corpus  caUosum,     Intermittent 
attacks  of  blindness,  lasting  only  a  few  minuteSj  but  sometimes  re- 
turning several  times  a  day^  with  regular  but  temporary  contrac- 
tions of  the  field  of  vision,  constitutes  one  of  the  early  indica- 
tions of  tumor*     Although  "choked  disk"  (optic  neuritis  with 
much  papillitis)  is  found  in  cerebral  hemorrhage,  anemia  from  loss 
of  blood,  brain  abscesses^  diabetes,  albuminuria,  etc.,  it  is  par 
excellence  indicative  of  tumor  of  the  brain^  and  sooner  or  later 
declares  itself  in  about  70  per  cent,  of  all  such  cases.    Its  value 
in  the  diagnosis  of  the  disease  cannot,  therefore,  be  overrated. 
It  is  almost  always  bilateral;  when  one-sided,  the  neoplasm  is 
usually  situated  in  the  corresponding  anterior  lobe.     If  obsen^ed 
early,  the  nen^e-head  will  be  found  to  be  reddened,  edematous, 
and  to  project  into  the  vitreous.     In  a  few  days  the  swelling 
increases,  and  may  measure  6  diopters  from  its  blurred  base 
to  its  apex.     The  retinal  vessels  are  tortuous,  seem  buried  in 
the  swollen  tissue,  and  are  dilated  to  a  considerable  extent.     (See 
Fig.  236.)   Small  hemorrhages  appear  in  different  parts  of  the  optic 
mound,  to  be  followed  shortly  by  white  patches  of  degeneration. 
The  papillary  edema  now  subsides  (although  it  never  entirely  dis- 
appears in  persistent  iumar  cerebri),  displays  signs  of  optic  atrophy 
more  or  less  marked,  and  in  this  stale  persists  to  the  end.     When 
the  new  growth — cerebral  gumma,  for  example^^undergoes  cure, 
serpentine  vessels  and  a  muddy,  infiltrated,  pigmented  nerve-head 
are  all  that  remain  to  mark  the  previous  intraocular  process. 

The  anatomic  causes  of  ** choked  disk"  are  obscure*  At  first 
it  is  undoubtedly  a  pure  edema  of  the  nerve-end  within  the  eye- 
ball, as  a  part  of  the  inflammatory  process  going  on  inside  the 
cranium,  due  either  to  the  mechanical  cairiage  of  the  increased 
subdural  and  arachnoid  fluids  along  the  corre-sponding  channels 
of  the  ner\^e  to  the  papilla  (Manz),  to  the  irritant  quality  of  that 
fluid  (Leber  and  Deutschmann),  or  to  both  of  these  causes » 
This  edema  is  followed  by  a  stoppage  in  the  normal  outflow 
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of  fluids  through  the  disk  and  a  true  papillitis  with,  later,  the 
secondary  change  proper  to  inflamed  connective  and  nen'ous 
tissue. 

Sympioms.^CQniTBl  vision  is  not  much  disturbed  at  first, 
although  narrowing  of  the  visual  field,  with  color  defects,  may 
be  mapped  out.  If  the  patient  live  long  enough^  blindness  from 
optic  atrophy,  more  or  less  complete,  may  ensue*  **  Choked  disk  " 
does  not  throw  much  light  on  the  size^  site,  or  nature  of  the 
central  lesion.  Occasionally  additional  eye  symptoms  help  to 
locate  the  tumor*  To  this  end,  Wernicke's  sign  and  other  pupil- 
lary reactions  {page  456),  the  absence  or  presence  of  myosis, 
mydriasis,  or  paralysis  of  the  extrinsic  ocular  muscles,  should 
be  carefully  noted. 

Cerebral  and  Spinal  Meningitis*— The  eye  symptoms  are 
not  frequent,  and  depend  upon  the  form  of  the  inflammation, — 
simple,  tubercular,  epidemic  cerebrospinal, — the  various  kinds  of 
hydrocephalus,  pachymeningitis,  and  leptomeningitis-  In  diffuse 
meningitis  of  the  cortex  we  may  have  hemianopia,  with  presenila- 
tion of  the  pupillary  reaction  to  light.  In  basilar  disease  the 
motor  nenxs  are  likely  to  be  involved,  followed  by  pareses  of 
the  corresponding  muscles,  especially  of  the  external  rectus.  In 
tubercular  meningitis  dilated  pupils  form  a  prominent  sign,  the 
optic  papilla  becomes  hyperemia  while  nexv  vessels  appear  in 
its  substance  and  on  its  surface.  Later,  we  have  a  post-neuritic 
atrophy,  resulting  in  contraction  of  the  field  of  vision,  color  blind- 
ness, and  grave  visual  defects. 

An  important  sequel  of  the  graver  forms  of  meningitis,  often 
observed  after  epidemics  of  the  cerebrospinal  variety,  is  plastic 
choroiditis.  The  eye  becomes  red  and  injected,  the  iris  is  sluggish 
and  discolored,  the  aqueous  muddy,  and  a  yellow-'whitish  mass 
may  be  seen  in  the  vitreous  chamber.  In  cases  of  recovery  from 
the  general  disease  this  mass  is  readily  seen  and  forms  one  of  the 
most  striking  signs  of  the  affection.  Under  the  name  of  "psetido- 
glioma*^  it  has  been  mistaken  for  malignant  neoplasms,  especiaUy 
before  the  glaucoma  that  attacks  the  patient  in  the  second  stage  of 
intraocular  ttimor  sets  in,  and,  as  both  diseases  occur  in  young 
children,  the  mistake  ^*«  i^rdonable.    In  cases  of  doubt  no  serious 
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harm  will  result  from  enucleation,  as  the  eye  is  blind,  A  further 
resemblance  to  true  glioma  lies  in  the  fact  that  meningitic  cho- 
roiditis is  mostly  unilateralj  although  Knapp  records  a  bilateral 
case  in  which  the  left  eye  recovered.  It  is  probable  that  this  proc- 
ess in  the  eye  is  due  to  embolic  deposits  in  the  choroid  similar  to 
those  found  in  the  pia  mater,  both  tissues  being  structurally  alike. 
It  must  be  remembered  that  ** choked  disk"  on  the  same  side,  if 
the  central  affection  be  local,  is  not  uncommon  in  meningitis. 

Multiple  Sclerosis  (Sclcrasis  in  Patches), — The  ocular  symptoms 
are  important  because  the  degenerative  foci  are  often  found  in  the 
optic  nerve  itself,  as  well  as  in  the  central  neurons  that  take  part  in 
the  visual  act.  The  axis- cylinders  may  remain  intact  for  a  long  time 
and,  like  the  deposits  elsewhere  in  the  brain  and  cord,  the  patches, 
for  a  time  at  least,  rather  inhibit  than  destroy  their  functional  activ^- 
ity  and  their  conducting  power.  The  effect  upon  sight  is  usually  the 
result  of  a  partial  retrobulbar  neuritis  of  one  or  both  eyes;  the 
patient  complains  of  misty  vision,  and  this  may  be  the  first  indica- 
tion of  the  general  disease*     As  the  patches  develop  in  other  parts 
of  the  nervous  system,  sight  becomes  still  more  impaired  and 
central  scotomata,  first  for  colors  and  then  for  white,  become  more 
marked,     irregular  contractions  of  the  peripheral  field  follow,  and 
the  ophthalmoscope  plainly  shows — (i)  the  characteristic  temporal 
paleness  of  the  disk  associated  with  a  cloudy  infiltration  of  the 
nasal  half;  (2)  complete  pallor  of  the  disk;  and,  finally,  (3)  white 
atrophy.    Altogether  fundus  changes  are  seen  in  about  20  per  cent, 
of  all  cases.     The  general  tremor  of  this  disease  is  represented  in 
the  eyes  by  nystagmus,  due  to  mterference  with  the  conductive 
path  between  the  motor  areas  and  the  nuclei  of  the  ocular  muscles, 
and  is  more  frequent  in  patchy  degeneration  than  in  other  nerve 
lesion. 

Tabes  Dorsalis  (Locomotor  Aiaxia). — The  ocular  symptoms  of 
this  disease  are  of  greater  moment  than  those  attribuled  to  any  other 
organ.  Sometimes  they  constitute  the  earliest  and  surest  proof 
of  its  existence.  Whether  the  disease  be  S3rphilitic  in  origin  ornot, 
probably  the  most  important  sign  is  a  reflex  iridoplegia,  kno\^m  as 
the  "Argyll-Robertson  pupil,"  The  pupillary  reaction  to  Ught 
is  lacking,  while  its  contraction  on  fixing  a  near  object  is  preserved 
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intact.  It  is  well  to  exercise  care  in  eliciting  this  phenomenon  by 
testing  the  light-reflex  in  a  dark  room  with  focal  illumination  while 
the  patient  looks  in  the  distance.  The  convergence-accommo- 
dation reflex  should  be  tested  in  a  partially  darkened  room,  the 
individual  being  asked,  first,  to  gaze  for  several  seconds  at  a  distant 
object,  and  then  suddenly  to  fix  the  finger  held  a  few  inches  in  front 
of  his  face.  Gowers'  symptoms,  in  which  the  reaction  to  light  is 
affected  only  so  far  that  it  is  sluggish  and  takes  place  by  oscillating 
movements  of  the  iris,  as  well  as  defects  in  both  the  light  and  ac- 
commodation reflexes,  are  comparatively  rare.  A  true  reflex 
iridoplegia  is  also  seen  in  general  pareses,  but  it  is  so  common  in 
locomotor  ataxia  as  to  form  presumptive  evidence  of  the  presence 
or  future  onset  of  the  disease.  It  is  sometimes  present  with  loss 
of  the  cutaneous  reflex  contraction  of  the  pupil,  a  sign  that  should 
be  looked  for.  When  these  phenomena  are  noticed  with  myosis, 
or  without  mydriasis,  the  evidence  is  still  more  conclusive. 

Of  no  less  value  in  the  diagnosis  of  tabes  is  paralysis  of  the  eye 
muscles  occurring  in  an  otherwise  healthy  individual,  especially 
a  male,  over  thirty-five  years  of  age.  If  the  paresis  disappears,  to 
recur  in  a  few  weeks  or  months,  the  probability  is  that  it  is  the  fore- 
runner of  locomotor  ataxia.  Berger  believes  that  oculo-muscular 
pareses  are  commoner  in  luetic  tabes;  the  purely  spinal  cases 
are  more  likely  to  exhibit  other  syniptoms.  Dillman  found  one  or 
more  eye  muscles  paretic  in  41  out  of  100  cises.  The  external 
rectus  is  the  single  muscle  most  liable  to  be  afi'ectcd,  then  the 
levator  palpebrae,  then,  least  frequently,  the  trochlearis.  Any  or 
all  of  these  paralyses,  with  or  without  treatment,  may  set  in  sud- 
denly and  disappear  in  a  few  days,  or  they  may  last  for  years. 

A  peculiar  form  of  optic  atrophy  is  one  of  the  characteristics 
of  tabes.  It  appears  as  a  progressive  grayish  discoloration,  never 
preceded  by  swelling  or  hyperemia  of  the  disk,  is  first  visible  at 
the  temporal  half,  and  gradually  involves  the  whole  of  the  nerve- 
head.  The  papilla  seems  to  shrink,  becomes  excavated,  and  as- 
sumes a  uniform  gray-blue  hue  with  the  white  color  of  the  lamina 
cribrosa  showing  through.  If  the  disease  attack  a  disk  with  a  deep 
normal  excavation,  it  finally  presents  the  picture,  both  clinical  and 
ophthalmoscopic,  of  simple  chronic  glaucoma.  One  may  well 
31 
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doubt  a  diagnosis  of  uncomplicated   locomotor  ataxia  if   active 
congestion  of  the  nerve-head  is  observed  with  the  ophthalmoscope* 

Corresponding  to  the  objective  finding  are  the  visual  defects 
and  the  perimetric  observations.     The  acuteness  of  vision  is  at 
first  good,  and  there  are  no  central  scotomata  for  colors  or  while. 
At  the  same  time  there  is  a  gradual  and  concentric  narrowiiig  of 
the  field,  with    occasional  arrest  of    the  otherwise    progress! \^e 
limitations.     It  has  been  noticed  that  the  rapidly  progressive  cases 
are  those  in  which  the  color  fields  suffer  out  of  proportion  to  the 
white  fields.     On  the  other  hand,  when  the  optic  atrophy  sets  in 
early,  and  bUndness  shortly  follows,  the  other  tabetic  s}Tnptoms 
develop  ver>'  slowly,  or  there  is  a  long  arrest  of  the  disease.     Optic 
atrophy  may  appear  during  any  stage  of  locomotor  ataxia^  and 
affects  about  30  per  cent,  of  all  cases  of  tabes.     The  treatment  of 
the  ocular  symptoms  is  not  encouraging,  as  cure  or  reUef  depends 
upon  successful  treatment  of  a  disease  that,  although  it  usually 
lasts  many  years,  has  an  invariably  fatal  termination. 

Hereditary  Ataxia  (Frudreich^s  Disease)  is  an  anomaly  of 
spinal  development,  and  has  little  in  common  with  tabes  dor^alis, 
It  usually  affects  several  members  of  the  same  family  and  rarely 
presents  any  eye-signs  except  nystagmus  upon  attempted  fixation. 
As  nystagmus  is  not  a  part  of  tabes,  and  is  almost  always  present 
in  hereditary*  ataxia,  this  symptom  will  ser\'e  to  distinguish  juve* 
nile  tabes  from  the  adult  disease. 

Epilepsy. — Sometimes  we  have  a  visual  aura  in  the  form 
of  phosphenes,  *'  dazzling,  '^  **  sparks,  '^  and  flames  of  light,  Hugh- 
lings  Jackson  says  that  all  colors,  from  red  to  violet,  may  flash 
before  the  eye  as  a  premonitory  symptom.  The  ophthahnoscope 
shows  changes  in  the  caliber  of  the  retinal  vessels,  usually  dilatation^ 
and  vigorous  pulsation  of  the  veins  just  before  the  convulsions. 
During  the  status  epilepticus  narro^ving  of  the  arteries  has  been 
observ^ed,  with  a  return  to  normal  conditions  w^hen  the  attack  has 
passed.  Transient,  partial^  or  total  blindness,  spoken  of  by 
authors  as  epiiepiiform  amaurosis  and  experienced  by  the  still 
conscious  patient,  corresponds  to  concentric  contractions  of  the 
field  of  vision  and  the  arterial  spasm  and  ciliary  spasm  so  often 
elicited  on  examination.    The  perimeter  is  consequently  of  great 
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value  in  the  diagnosis  of  tliis  disease  and  in  cases  of  suspected 
malingering.  The  state  of  the  pupil  varies  greatly  in  epileptic 
seizures,  and  it  cannot  therefore  be  relied  upon  in  diagnosis. 
Occasionally  a  case  of  idiopathic  epilepsy  recovers  after  the  cor- 
rection of  a  refractive  error  or  following  the  relief  of  a  muscular 
anomaly^  but  whether  this  result  is  due  to  the  purely  psychic  effect 
of  the  remedies  is  as  yet  undecided. 

Migraine  {S^iniiilaling Scotoma — Amaurosis  pariiaUs  jtiga^), — 
The  attacks  of  this  disease  have  certain  affiliations  with  epilepsy, 
and  are  not  to  be  regarded  as  indicative  of  disease  of  the  eye^  al- 
though ocular  disturbaBces  form  an  important  part  of  the  symptom- 
complex.  Apart  from  the  scintillations,  a  *' fortification"  scotoma 
is  the  most  common  experience.  This  irregular  cloud-like  appear- 
ance, usually  edged  with  colors,  shows  itself  in  both  fields  of  vision, 
and  gradually  spreads  until  the  patient  is  blind.  It  may,  with  the 
severe  unilateral  headache,  last  for  a  few  minutes  or  persist  for  a 
whole  day,  both  to  be  temporarily  relieved  by  vomiting.  The 
attacks  of  migraine  invariably  become  less  frequent  or  less  \iolent, 
or  disappear  with  advancing  years,  probably  because  the  elas- 
ticity of  the  vascular  walls  diminishes  with  age,  thus  interfering 
with  that  spasm  of  the  cerebro^cortical  vessels  upon  which  the 
disease  probably  depends.  As  in  epilepsy^  treatment  directed  to 
the  eye  sometimes  relieves  or  cures  this  troublesome  affection,  but 
it  is  not  to  be  relied  upon. 

Albuminuria  (Brighfs  Disease). — Although  both  these  names 
are  unscientific  so  far  as  disease-nomenclature  is  concerned,  it  is 
true  that  about  10  per  cent,  of  the  various  affections  of  the  kidney 
and  other  organs  in  which  albuminuric  urine  is  found  are  uniformly 
associated  with  ocular  changes.  Edema  of  the  lids,  especially 
a  temporary  swelling  of  the  lower  lids  on  rising  in  the  morning,  is 
one  of  the  earliest  forerunners  of  albuminuria.  With  it  anasarca 
is  likely  to  occur.  However,  by  far  the  most  important  eye  manifes- 
tations  are  changes  in  the  optic  nen^e  and  retina.  All  degrees  of 
hyperemia  of  the  disk,  from  a  simple  congestion  to  a  well-developed 
**  choked  disk, "  are  not  uncommon  in  all  forms  of  B right's  disease- 
These  occur  alone  or  in  conjunction  with  what  may  be  regarded 
as  the  characteristic  lesion  in  albuminuria,  viz.,  whitish,  dcgenera- 
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tive  patches  arranged  in  stellate  fashion  about  the  maculce-  These 
are  first  seen  as  linear  streaks  that  gradually  arrange  themselves, 
like  the  spokes  of  a  wheel,  about  the  fovea.  Other  whitish  areas 
appear  elsewherCj  and  may  even  coalesce,  covering  the  vessels  and 
marring  the  star- shaped  picture  arranged  about  the  macular  region* 
The  fovea*  themselves  are  not  affected  by  the  degenerative  patches. 


,/- 


Fig,  257. — ^ALBimiNUitic  Retinitis,    in  the  macular  region  is  the  star  s^hapL-d 
figure,  and  in  the  retina  are  areas  of  hemorrhage  and  fatty  degeneratioxi. 

even  when  the  retinal  changes  are  most  pronounced,  the  vessels 
swollen  and  tortuouSj  and  the  papillae  edematous. 

Associated  with  these  alterations  in  the  retina  are  small  hemor- 
rhages, usuaUy  on  or  about  the  disk.  These  may  undergo  absorp- 
tion (leaving  pigmented  lines),  to  be  followed  by  additional  bleed- 
ings  elsewhere  in  the  fundus.     The  occurrence  of  retinal  hemor- 
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rhagcs  marks  the  gravest  lesions  in  the  general  circulatory  ap- 
paratus, and  is  almost  invariably  followed  in  a  few  months  by  death. 
In  the  advanced  cases,  also,  the  diseased  capillaries  may  often  be 
mapped  out  by  the  ophthalmoscope,  which  shows  streaks  along, 
and  thickening  of,  their  walls.  This  condition  is  not  uncommon, 
but  it  is  likely  to  be  masked  by  the  retinal  edema  and  the  whitish 
patches.  The  vascular  lesion  is  an  endovasculitis  with  hyaline 
degeneration  of  the  intima  followed  by  occlusion  of  the  lumen 
from  thrombosis.  The  white  patches  consist  of  a  fatty  degenera- 
tion of  Muller's  fibers,  and  finally  of  most  of  the  retinal  tissues. 

Although  the  lesions  just  spoken  of  occur  in  all  forms  of  renal 
inflammation,  they  are  rare  in  the  acute  varieties,  in  fatty,  sclerosed 
kidney,  in  the  large  white  kidney,  and  in  waxy  kidney,  unless  the 
last  be  affected  by  fatty  metamorphosis  (Bull).  Should  the  patient 
recover,  as  in  the  temporary  albuminuria  of  pregnancy  and  scarlet 
fever,  the  early  optic  and  retinal  changes  sometimes  entirely  dis- 
appear, but  the  injury  to  the  nerve  may  lead  to  atrophy  and  blind- 
ness. 

Owing  to  the  comparative  frequency  of  fundus  changes  in 
albuminuria  the  ophthalmologist  is  sometimes  the  first  to  suspect 
the  existence  of  the  renal  disease,  especially  as  the  general  symp- 
toms are  so  often  ill  defined  or  are  attributed  by  the  patient  to 
other  sources. 

Disturbances  of  sight  are  not,  as  a  rule,  marked.  When 
hemorrhages  occur  at  the  fovea,  or  when  a  retrobulbar  neuritis  is 
set  up,  central  vision  suffers  greatly,  as  it  does  when  optic  atrophy 
or  another  complication,  such  as  detachment  of  the  retina,  arises. 
Paralysis  of  the  eye  muscles  is  occasionally  present  in  the  later 
stages  of  albuminuria,  when  the  brain  changes  (hemorrhages 
especially)  occur  about  the  nuclei  of  the  oculomotor  nerves. 
Finally,  temporary  blindness  due  to  uremia  (spasm-anemia  of  the 
ophthalmic  artery)  occurs  in  albuminuria,  just  as  it  is  seen  irt  other 
serious  forms  of  auto-intoxication. 

Neurasthenia. — ^Although  this  condition  is  closely  allied  to 
hysteria  of  the  minor  variety,  there  are  distinct  differences  between 
them  that  correspond  to  varieties  in  the  accompanying  eye  symp- 
toms.   Attempts  to  use  the  eyes  for  either  distance  or  near  are 
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followed  in  neurasthenlGs  by  marked  fatigue  and  blurred  im* 
ages,  rather  than  pain  (as  in  peiile  hysterie)^  althoiigh  headache 
and  ocular  pains  may  occur  if  the  patient  insists  on  prolonged 
use  of  the  eyes.  Twitching  of  the  lids  and  inability  to  dose 
the  eyes  completely  when  standing  in  the  Romberg  position  have 
been  noticed.  As  Kmes  remarks,  voluntary  motor  innerv^ation 
is  enfeebledj  while  the  sympathetic  reflexes  are  increased ;  the  eyes 
are  like  the  musculo- nervous  apparatus  generally,  in  a  state  of 
"irritable  weakness," 

Insomata,  so  often  a  part  of  the  neurasthenic  condition,  is 
a  ver)^  important  factor  in  affections  of  the   ocular  apparatus* 
Almost  every  chronic  affection  of  the  eyes,  especially  anne tropic 
and  heterophoric  states^  is  aggravated  by  sleeplessness.     Whatever 
be  the  cause  of  insomnia,  a  complete  cure  of  the  eye  symptoms 
cannot  be  expected  while  it  is  present,  and  treatment  directed 
alone  to  the  asthenopia  will  be  sure  to  fail  if  the  disease  of  which 
the  insomnia  is  a  part  is  not  or  cannot  be  cured.    The  same 
observation  may  be  made  regarding  the  eye  s}mnptoms  of  neuras- 
thenia.     Change  of  air,  general  massage,  tonics,  rest,  regulation 
of  the  diet,  and  calisthenics  combined  with  outdoor  exercise  are 
quite  as  important  as  the  local  galvanism,  ice- water  fomentations, 
tinted  glasses^  Dyerizing  (systematic  reading  exercises),  and  the 
other  eye  treatment  required  for  the  accompanjang  asthenopia* 
The  writer  has  found  that  a  smart  walk  or  a  bicycle  ride  of  half 
an  hour^  followed  by  a  slightly  acidulated  sponge  bath  (half  a 
fluid  ounce  of  strong  nitromuriatic  acid  to  two  gallons  of  cold 
water)  immediately  before  retiring,  is  one  of  the  best  antidotes 
for  the  insomnia  habit,  while  its  employment  as  an  adjunct  to 
other  treatment  is  valuable  in  most  cases  of  neurasthenic  asthen- 
opia.    The  induction  of  sleep  by  hypnotic  suggestion  must  not 
be  forgotten  in  considering  the  remedies  suited  lo  the  treatment 
of  the  asthenopia  due  to  insomnia  and  the  functional  diseases 
that  give  rise  to  it. 

Hysteria. — ^The  ocular  signs  are  probably  the  most  constant, 
the  most  easily  detected,  and  the  most  conclusive  signs  both  of 
petite  and  grande  hysteric,  and  a  knowledge  of  the  means  by 
which  the  evidence  can  be  obtained  is  of  great  value  both  to  the 
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ophthalmologist  and  the  general  practitioner.  Probably  the  most 
important  hysterical  eye-signs  are  anomalies  of  accommodation. 
Parinaud  insists  that,  even  in  the  absence  of  other  hysterical 
stigmata,  the  neurosis  can  be  confidently  diagnosticated  when 
ciliary  spasm  (of  the  kind  to  be  described)  is  present.  In  hysterical 
spasm  the  eye  acts  as  if  it  were  under  the  influence  of  pilocarpin 
or  eserin.  The  accommodation  range  is  limited  at  both  ends, 
and  the  patient  reads  or  does  other  near-work  with  diJ05culty. 
For  these  reasons,  the  condition  has  been  called  hysterical  in- 
sufficiency of  accommodation,  ciliary  hyperesthesia,  ciliary  paresis 
or  paralysis,  and  painful  accommodation.  Every  degree  of 
spasm  may  be  present,  just  as 
one  sees  all  degrees  of  hysteri- 
cal muscle-contracture  else- 
where in  the  body.  The  punc- 
tum  proximum  and  punctum 
remotum  may  approach  or  even 
coincide,  and  the  patient  reads 
fine  print  nearer  the  eye  than 
usual  or  at  a  fixed  point.  This 
may  be  regarded  as  conclusive 
evidence  of  hysteria.  As  a  rule, 
however,  there  is  a  marked  but 
incomplete  spasm  of  accom- 
modation, the  near  point  for 
distant  vision  being  always 
nearer  the  eye  than  normal. 
Hysterical  spasm  of  the  ciliary  muscle  usually  produces  false 
myopia  and  hysterical  near-sightedness  for  distance,  which,  like 
the  axial  variety,  is  improved  by  concave  glasses.  If  there  be  a 
doubt  as  to  the  character  of  this  short-sightedness,  a  single  drop 
of  a  solution  of  atropin  (i  per  cent,  for  patients  under  thirty-five 
years  of  age,  0.5  per  cent,  for  those  between  thirty-five  and  forty- 
five)  instilled  into  each  eye  three  times  daily,  for  two  days,  will 
disclose  the  true  refraction. 

Hysterical  amblyopia  may  be  so  marked  that  the  patient  has 
to  be  led  about  the  room,  or,  more  usually,  it  may  pass  unnoticed 


GREEN  A  WHITE  BOUNDARY 
UNES  COINCIDE. 


Fig.  238. — Perimeter  Chart  of  Con- 
traction OF  THE  Field  in  Hysteria. 
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by  the  patient.  It  is  not  improper  to  regard  the  visual  defect  as 
due  to  an  anesthesia  of  the  perceptive  elements  of  the  retina  in 
correspondence  with  that  loss  or  perversion  of  sensation  exhibited 
by  the  skin  and  mucous  membrane  in  other  phases  of  hysteria. 
This  visual  defect  is  almost  always  present,  and,  even  when  the 
central  acuity,  as  determined  by  test  types,  is  nearly  or  quite  nor- 
mal, it  will  be  found  on  careful  inquiry  that  peripheral  vision  is 
uniformly  affected. 

In  a  boy  aged  nine,  suffering  from  post-nasal  adenoids,   the 
hysterical  defect  of  sight,  as  measured  by  the  writer,  amounted 


LEFT. 


RIGHT. 


Fig.  23Q. — Field  of  Vision  in  Hys-    Fig  240. — Field  of  Vision  in  Hysteri- 
TERicAL  Amblyopia,  V  «=  §.  cal  Amblyopia,  V—  J. 

almost  to  complete  blindness.  He  had  a  marked  contraction 
of  the  fields  of  vision,  and  yet  made  a  complete  recovery.  When 
his  sight  had  improved  the  visual  fields  were  still  contracted  (Figs. 
239  and  240),  showing  the  so-called  *' tubular"  field  of  hysteria. 

The  predominant  peculiarity  of  an  hysterical  contraction  of 
the  visual  field  is  that  while  in  ever>'  other  disease  where  per- 
ipheral limitations  occur  the  color  field  is  affected  pari  passu 
or  in  greater  proportions  than  the  field  for  white,  in  hysterical 
amblyopia  the  field  is  less  affected  for  colors  than  is  the  field 
for  white.  (See  Fig.  241.)  Even  if  the  field  for  white  is  still 
the  largest,  it  can  usually  be  shown  that  the  \dsual  field  for  red 
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is  larger  than  that  for  blue,  and  these  measurements  should  always 
be  taken  in  doubtful  cases.  This  reversal  of  the  order  and  extent 
of  the  fields  for  white  and  colors  is  positive  evidence  of  the  exist- 
ence of  hysteria;  it  cannot  be  simulated,  and  it  is  caused  by  no 
other  ocular  disorder.  It  is  readily  determined,  and  possesses  a 
diagnostic  value  equal  to  the  anesthesia  of  the  glottis  and  pharynx 
so  frequently  referred  to  as  pathognomonic  of  this  neurosis. 

Although  contracture  and  spasm  of  ahnost  every  member  of 
the  oculo-muscular  system  has  been  observed  in  hysteria,  many 
of  these  are  differentiated  from  true  pareses  and  insuj05ciencies 
with  some  difficulty.  A  few,  however,  are  so  evidently  functional 
disorders,  and  their  detection  is  so  comparatively  easy,  that  one 
does  not  hesitate  to  refer  to  them  as  hysterical  stigmata  with  which 
every  one  should  be  acquainted.  Even  before  the  days  of  modem 
ophthalmology  it  was  noticed  that  spasm  of  the  orbicular  muscles 
was  frequently  associated  with  amaurosis  and  amblyopia,  even 
when  there  was  no  apparent  structural  disease  of  the  ocular 
apparatus.  Most  spasms  of  the  orbicularis,  tonic  or  clonic,  tran- 
sitory or  permanent,  unilateral  or  bilateral,  are  probably  hysterical. 
If  other  central  or  peripheral  excitants  competent  to  produce  the 
spasm  can  be  excluded,  and  if  other  hysterical  stigmata  be 
present,  the  probability  becomes  a  certainty.  The  orbicular  con- 
traction may  be  part  of  a  facial  or  more  extended  hemispasm, 
or  it  may  be  limited  to  the  single  muscle. 

Monocular  polyopia  or  diplopia  is  often  noticed  in  hysteropes, 
although  the  symptoms  will  have  to  be  developed  in  the  majority 
of  cases,  because  the  patient  is  unconscious  of  it.  Tests  should 
be  made  both  in  a  lighted  and  in  a  darkened  room.  One  eye 
being  covered,  a  lighted  match  is  held  3  or  4  inches  in 
front  of  the  uncovered  eye.  The  patient  is  then  asked  to  ob- 
serve whether  the  object  appears  double  as  it  is  slowly  moved 
from  its  first  position  to  a  point  3  feet  away.  In  most  cases 
the  match  will  present  a  double  image  when  held  quite  near  the 
face;  the  images  approach  one  another  and  become  almost  or 
quite  fused  as  they  are  removed,  to  separate  again,  more  and 
more,  until  the  meter  distance  is  reached.  The  match  is  again 
from  this  point  gradually  brought  close  to  the  eye,  when  the 
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BIGHT. 


same  phenomena,  but  in  reverse  ordetj  \rill  be  manifest.     The 

second  eye  is  similarly  exam- 

inedj    and,   finallyj  a   further 

{control)  test  is  made  with  a 

candle  flame.  Sometimes  three 

or  more  images  (polyopia)  are 

observedj    and    it    is   usually 

possible  to  exclude  one  or  more 

of  these  by  interposing  a  card 

so  as  to  cover  various  segments 

of  the  pupillary  area  during 

the  examination. 

Fig,  241  represents  reversal 
of  the  color  lield  in  a  case  of 
hysterical  amblyopia  in  a  ner- 
vous child  aged  thirteen,  who 
has  had  monocular  polyopia 
and  ciliary  spasm.  Red  is  largest,  then  comes  white,  and  finally 
green,  which  was  miscalled  blue* 

The  writer  has  often  examined  hysteropes  for  anesthesia  of 
the  conjunctiva  and  skin  of  the  lids,  and  has  usually  found  it. 


OITEEft  ttl&CALLEt}  QLUE 

Fig.  24'* — KisvERSAi,  of  the  Color- 
rtELD  m  A  Case  of  Hvsterigai.  Am- 
blyopia.    V  —  if. 


LEFT. 


RIGHT. 


Fto,  342.— Ring  Scotoma  in   a  Hvs-    Fig*  24^1  .—Ring  Scotoma  in  a  Hys- 
TEBOPic  Boy,  teropic  Boy. 

As  a  rule,  even  when  the  pupils  are  contracted  or  dilated^ 
the  ordinary  reflexes  are  preserved.    Hysterical  photophobia j  not 
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necessarily  associated  with  spasm  of  the  lid  muscles,  is  a  common 
experience  in  hysteria  and  may  be  so  marked  as  to  give  rise  to  a 
suspicion  of  organic  disease.  The  absence  of  all  signs  of  vascu- 
lar congestion  is  usually  sufl5cient  to  exclude  the  latter.  The 
patient  often  asserts  that  the  light  hurts  the  eyes  even  if  these 
organs  are  covered  with  a  heavy  bandage,  an  exaggeration  that 
will  excite  the  suspicions  of  any  one  conversant  with  the  hys- 
terical character. 

Most  observers  regard  defects  in  the  field  of  an  annular  charac- 
ter as  presumptive  evidence  of  the  presence  of  hysteria,  but  the 


LEFT. 


RIGHT. 


Fig.  244. — Ring  Scotoma  in  Hyster- 
opicBoY — One  Month  after  First 
Perimetric  Examination. 


Fig.  245. — Field  of  Vision  (Ring  Sco- 
toma) IN  A  Hysteropic  Boy — One 
Month  after  Former  Measure- 
ment. 


writer  would  hesitate  to  rely  upon  this  sign  alone  in  the  diagnosis 
of  the  neurosis.  He  has,  however,  seen  a  well-marked  instance  of 
its  presence  where  other  ocular  indications  of  hysteria  were  wanting. 
The  typical  perimeter  charts  pictured  in  figures  242,  243,  244,  and 
245  represent  the  visual  fields  of  a  hysteropic  boy  with  paresis  of 
accommodation  and  asthenopia,  the  first  two  when  he  was  first 
seen  by  the  writer,  and  the  others  after  improvement  has  been 
made.  Complete  rest  from  near- work,  tonics,  massage,  and  elec- 
tricity were  resorted  to,  and  finally  the  patient  was  sent  on  a 
three  months'  camping  excursion  to  the  Rocky  Mountains,  where 
he  recovered. 
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Pseudo-paralytic  Ptosis  is  another  purely  hysterical  stigma. 
This  rather  unusual  symptom,  unlike  organic  paralysis,  is  almost 
always  accompanied  by  other  signs  of  hysteria,  especially  reflex 
photophobia  and  blepharospasm.  The  eye  also  closes  quickly 
when  the  hysterical  lid  is  raised,  slowly  in  true  paralysis.  In 
unilateral  hysterical  ptosis,  as  Charcot  observed,  the  eyebrow  is 
lower  on  the  healthy  side,  higher  in  true  paralysis. 

Suspicion  should  be  aroused  by  the  appearance  of  any  of  the 
symptoms  above  detailed  if  they  show  themselves  after  an  injury, 
however  trifling,  accompanied  by  mental  shock.    It  is  probable 
that  a  majority  or  a  large  minority  of  examples  of  ocular  hysteria 
belong  to  the  so-called  traumatic  neurosis.     It  must  not  be  for- 
gotten that,  just  as  hysteria  simulates  most  organic  lesions,   it 
may  also  be  present  with  them.     Patrick,  among  others,    has 
recently  emphasized  this  important  fact,  and  has  reported  cases 
illustrative  of  it.     The  eye  is  no  exception  to  this  rule,  but,  fortu- 
nately,  organic  alterations  in  the  ocular  structures,  as   shown 
by  the  ophthalmoscope  and  perimeter,  usually  speak  for  them- 
selves, and  present  characters  entirely  unlike  those  of  a  purely 
functional  affection. 

In    conclusion:    (i)    Most    cases    of    hysteria  present  well- 
marked,  easily  detected  eye-signs  and  symptoms.    (2)  A  few  ocular 
symptoms,  such  as  reversal  of  the  relation   of  the  color  fields 
and  the  field  for  white,  the  tonic  form  of  blepharospasm,  and 
pseudo-paralytic  ptosis,  may  be  regarded  as  pathognomonic  of 
hysteria.     (3)   Defects   of  vision,   in  the  absence   of  refractive 
errors,  accommodative  anomalies,  and  fundus  lesions,  are,  gener- 
ally speaking,   hysterical  if   accompanied  by  photophobia  and 
any  form  of  blepharospasm.      (4)  No  examination  of  a  patient 
for  hysteria  should  be  regarded  as  complete  without  considering 
the  condition  of  the  ocular  apparatus.     (5)  When  there  is  no 
conclusive  external  evidence  of  the  neurosis  present,  the  perimeter 
should  be  carefully  used,  the  range  of  accommodation  should  be 
noted  and  the  ophthalmoscope  employed.     (6)  It  should  always 
be  remembered  that  ocular  hysteria  is  common  in  children  and 
men.     (7)  Organic  disease  of  the  eye,  especially  traumatism,  may 
accompany  purely  functional  disturbances  of  the  organ. 
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The  treatment  of  ocular  hysteria  is,  first  of  all,  that  of  the  con- 
dition itself.  Often  the  eye  symptoms  can  be  relieved  by  glasses 
to  correct  the  spasm  or  paresis  of  accommodation.  Galvanism,  or 
the  mild  faradic  current,  is  of  considerable  benefit  in  most  cases. 
Tinted  glasses  to  relieve  the  photophobia,  and  atropin  when  there 
is  pain  or  headache,  will  be  found  of  use.  Relapses  of  the  eye 
symptoms  often  occur  just  as  they  do  in  other  forms  of  the 
disease. 

Ocular  Headache  {Headaclte  from  Eye- strain), — There  are 
few  symptoms  of  greater  moment  to  the  medical  practitioner  than 
headache,  and  none  that  more  largely  tax  his  diagnostic  and 
remedial  resources.  As  our  means  of  determining  to  what  category 
a  particular  headache  belongs  depend  upon  a  knowledge  of  all  of 
them,  the  intelligent  student  will  carefully  consider  the  char- 
acteristics of  each.  Ocular  headache  may  be  defined  as  those 
aches  and  pains  in  and  about  the  head  that  directly  or  indirectly 
result  from  organic  disease  in,  or  from  impaired  function  of,  any 
part  of  the  visual  apparatus.  The  ocular  element  in  all  forms  of 
headache  is  probably  larger  than  is  usually  suspected.  A  con- 
servative estimate  is  40  per  cent.,  while  of  all  frontal  headaches  80 
per  cent,  are  due  to  ocular  causes,  mostly  eye-strain.  A  good 
example  of  this  is  the  bilateral  supraorbital  headache  caused  by 
ciliary  strain.  In  such  cases  the  ciliary  muscle  in  its  endeavor  to 
bring  about  effective  vision,  either  directly  or  through  its  sym- 
pathetic fibers,  causes  an  irregular  discharge  in  the  region  of  the 
third  nerve  nucleus  that  supplies  it  with  the  functionating  impulse. 
This  irritates  the  trigeminus  nucleus  and  its  end  filaments  on  the 
forehead.  With  this  peripheral  aching  is  a  deeper,  duller  pain 
referred  to  the  centers  themselves  and  to  the  cortex  through  the 
sympathetic  supply  to  the  dura  mater.  After  a  continued  irri- 
tation of  this  sort  the  whole  front  of  the  head  aches.  The  head 
pains  in  eye-strain  are  not  peculiar,  although  they  are  more  likely 
to  be  dull  and  heavy  than  severe,  lancinating,  or  neuralgic.  They 
are  practically  always  bilateral,  are  accompanied  by  pain  in  the 
eyeballs,  and  associated  with  the  deep  intracranial  aching  just 
mentioned. 

The  exciting  causes  of  headache,  apart  from  organic  lesions 
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within  the  eyeballs,  are  pecuhar  and  aid  in  the  diagnosis.  Those 
occupations  that  require  long-continued  use  of  the  convergence 
and  accommodation  are  most  likely  to  bring  it  on^  viz.,  reading, 
writing,  sewingj  drawing,  painting,  embroider>%  music,  card- 
playing,  stenography,  and  typewriting. 

The  site  of  the  headache  is  very  important.  In  the  order  of 
frequency  we  have  (i)  the  supraorbital,  (2)  the  deep  orbitalj  (3) 
the  fronto-occipital,  and  (4)  the  temporal.  All  sorts  of  variations 
from  and  combinations  of  these  will  be  met  with*  A  uniiaieral 
supraorbital  neuralgia,  as,  indeed,  a  hemicranla  of  any  sort,  is  not 
commonly  due  to  eye-strain* 

Since  astigmatism  is  probably  the  most  frequent  cause  of  head- 
aches from  eyestrain,  the  diagnosis  of  the  latter  may  rest  lipon 
establishing  in  the  usual  way  the  presence  of  the  former. 

Sometimes  the  pains  do  not  come  on  until  the  morning  afteriwer* 
indulgence  in  near-work.    As  a  rule,  howe%Tr,  the  eyes  and  head 
commence  to  ache  after  a  certain  number  of  minutes  or  hours  of  close 
work,  and  with  such  regularity  that  the  sufferer  at  once  attributes 
the  headache  to  some  trouble  with  the  eyes.  Astigmatic^  hyperopic, 
and  heterophoric  patients  also  suffer  when  called  on  to  use  their  eyes 
much  for  disiani  vision,     A  question  which  it  is  well  to  ask  as- 
thenopic  female  patients  is  whether  their  headaches  are  brought  on 
by  shopping  excursions.     This  is  an  ideal  test,  since  shopping  is 
universally  done,  and  it  reaches  the  weak  points  in  the  ocular  ap- 
paratus.   The  necessity  for  keeping  a  lookout  in  all  directions  to 
avoid  collisions  with  fellows-shoppers  in  a  crowded  store,  with 
pedestrians  on  the  pavement,  and  with  men,  women,  and  vehicles 
on  St  reel -crossings,  the  close  examination  of  fabrics,  often  in  a  poor 
light — all  of  these  efforts  make  large  demands  not  only  on  the 
general  nervous  energy^  but  particularly  on  the  extrinsic  and 
intrinsic  muscles  of  the  eye.     When  the  latter  are  handicapped  by 
muscular  anomalies  or  refractive  errors,  the  shopper  usually  goes 
home  with  a  "raging'*  headache.     In  the  same  way,  riding  in  a 
railway  train  or  street-car,  with  a  moving  panorama  viewed  through 
the  car  window^,  is  especially  trying  to  defective  eyes*     Doubtless, 
church,  concert,  and  theater  headaches  are  due  to  efforts  made  by 
abnormal  eyes  to  stare  at  distant  objects,  while  the  cerebral  centers 


OCULAR  HEADACHE, 


495 


are  meantime  further  irritated  by  rebreathed  air  and  unshaded 
lights. 

It  is  also  characteristic  of  ocular  headaches  that  they  are  almost 
always  accompanied  by  signs  and  symptoms  easily  referred  to  the 
eyes*  After  reading  for  a  time,  for  example,  the  lines  and  letters 
may  run  together  or  become  mixed  up,  a  sort  of  temporary  dip- 
lopia; the  scleral  conjunctiva  is  prone  to  get  red  from  hyperemia 
of  the  vessels;  and  the  lids  show  signs  of  inflammation,  and  bum, 
smart,  and  itch.  The  patient  may  also  complain  of  photophobia 
and  of  muscae  volitantes. 

On  the  other  hand  the  eye  often  appears,  as  far  as  symptoms 
and  the  results  of  inspection  go,  to  be  free  from  disease.  There 
is  an  ocular  headache,  but  no  apparent  trouble  with  the  eye- 
Moreover,  as  every  ophthalmologist  knows,  the  vision  is  frequently 
normal,  while  many  of  the  asthenopic  sjniptoms  just  detailed  may 
be  altogether  wanting.  Indeed,  it  is  usually  the  person  with  acute 
distant  vision  who  complains  of  eye-strain.  The  short-sighted  in- 
dividual may  have  his  o^Ti  troubles;  he  cannot  distinguish  objects 
in  the  distance,  for  example,  but  he  does  not  suffer  from  headache- 
He  terophori  a,  in  association  with  refractive  anomalies,  is  to 
some  unknown  degree  a  cause  of  ocular  headache*  One  so  rarely 
meets  with  an  absolutely  emmetropic  eye  that  it  is  difficult  to 
define  the  causal  relations  of  ametropia  and  heterophoria  in  the 
production  of  cephalalgia. 

Of  the  headaches  that  simulate  ocular  headache,  the  most 
common  and  the  most  difficult  to  differentiate  is  the  supraorbital 
pain  of  nasal  disease.  Hypertrophic  rhinitis,  deviations  of  and 
growths  from  the  septum,  polypi,  mucous  and  purulent  collections 
in  the  frontal  sinuses — all  produce  headache  which  resembles  the 
pains  of  eye-strain*  In  such  cases  there  are  usually  other  symp- 
toms of  nasal  *'  catarrh. "  Moreover,  the  chronic  frontal  headache 
of  nasal  disease  usually  continues  during  the  night,  or  gels  worse 
when  the  patient  takes  "cold,'*  while  a  purely  ocular  headache  is 
not  usually  made  worse  by  a  simple  coryza,  and  ceases  when  the 
patient  has  retired  and  the  lights  in  his  room  are  extinguished; 
there  is  no  headache  when  there  is  no  eye- strain. 

Malarial  neuralgia  is  usually  supraorbital  and  may  be  detected 
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by  its  periodicity,  by  the  tenderness  at  the  frontal  notch  and  along 
the  course  of  the  nerve,  by  its  being  almost  always  paroxysmal  and 
unilateral,  and  by  the  absence  of  asthenopia. 

In  defective  development  of  the  eyeball,  in  diseases  of  the  mac- 
ular region,  and,  broadly  speaking,  in  almost  all  those  cases  in  which 
abnormal  vision  cannot  be  improved,  headache  produced  by  eye- 
strain is  practically  incurable.  The  headaches  from  iritis,  glau- 
coma, and  other  acute  diseases  of  the  eye  are  to  be  recognized  by 
the  presence  of  the  affections  themselves.  The  same  may  be  said 
of  true  peripheral  neuritis,  supraorbital  herpes,  and  supraorbital 
neuromata  or  other  growths  within  or  at  the  margin  of  the  orbit,  in 
all  of  which  there  is  frontal  pain. 

The  treatment  of  ocular  headache  should  be  directed,  first  of 
all,  to  the  removal  of  the  causes  of  the  eye-strain.  Glasses  for  the 
correction  of  the  hyperopic  astigmatism  or  the  accommodative 
anomaly  should  be  prescribed.  Any  ocular  inflammation  should 
be  allayed.  It  often  happens  that  diseases  of  the  lids  prevent 
a  complete  cure  of  the  headache  even  after  a  correction  of  all  re- 
fractive and  muscular  errors.  Rest  from  eye  work,  distant  and 
near,  with  or  without  the  use  of  a  cycloplegic,  is  a  decided  aid  in 
the  treatment  of  this  form  of  headache,  after  which  a  gradual 
return  to  the  old  occupation  may  be  allowed. 

Although  any  departure  from  health  may  affect  the  eye,  and 
so  act  as  an  exciting  cause  of  ocular  headache,  there  are  some 
disorders  that  especially  invite  this  form  of  distress.  Insomnia 
(page  486),  whatever  be  its  origin,  is  one  of  these,  and  one  may 
be  well  assured  that  complete  relief  is  impossible  as  long  as  the 
patient's  sleep  is  disturbed  or  insufficient,  even  if  the  underlying, 
local  incentive  to  headache  be  removed.  Dyspepsia,  especially 
when  it  takes  the  form  of  an  autointoxication  due  to  too  much 
eating  and  too  little  exercise,  is  a  frequent  accompaniment  of 
frontal  headache,  and  should  receive  quite  as  much  attention  as 
the  ocular  symptoms.  The  possibility  of  excessive  indulgence 
in  tobacco  among  male  patients,  and  in  tea  and  coffee  among  fe- 
male sufferers,  should  not  be  overlooked.  Among  the  latter  class 
it  is  perhaps  unnecessary  to  refer  to  the  common  coincidence  of 
pelvic  and  ocular  headaches. 
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Of  local  applications,  the  simplest,  most  eflfective,  and  least 
harmful  is  the  use  of  very  hot  water  or  very  cold  fomentations.  As 
a  rule,  the  latter  are  more  grateful  and  more  effective,  but  the 
choice  can  usually  be  left  to  the  patient.  In  conjunction  with 
fomentations,  the  following  mixture  may  be  rubbed  over  the  fore- 
head and  temples,  or  a  towel  wet  with  one  part  in  ten  of  ice- water 
may  be  laid  over  the  closed  eyes  and  forehead  while  the  patient  is 
lying  down:  Spirits  of  lavender,  alcohol,  of  each  3  fluidounces; 
spirits  of  camphor,  i  fluidounce.  The  oflBcial  ointment  of  vera- 
trin  or  aconitin — a  little  carefully  rubbed  on  the  skin  supplied  by 
the  supraorbital  nerve — ^is  occasionally  an  effective  remedy,  but 
it  is  a  dangerous  agent,  and  not  to  be  generally  recommended.  A 
similar  application,  requiring  less  caution,  is  the  following  lini- 
ment, to  be  carefully  rubbed  in  every  two  or  three  hours:  Chloro- 
form, J  ounce;  camphor,  tincture  of  aconite,  oil  of  peppermint,  of 
each  one  fluid  dram;  alcohol,  2  ounces. 

Temporary  relief  of  the  pain  may  usually  be  obtained  by  the 
daily  use,  for  from  two  to  ten  minutes,  of  a  weak  interrupted  or 
continuous  galvanic  current,  3  to  5  ma.,  the  positive  pole  applied 
to  the  nape  of  the  neck  and  the  negative,  preferably  by  means  of 
a  double-eye  electrode,  to  the  closed  lids. 
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Normal  Color  Perception. — Color-bundness. 

Color  Sense. — White  light  is  composed  of  seven  simple  colors,  all 
separately  perceptible  to  the  human  eye,  and  of  others  that  cannot  be 
seen  but  whose  presence  can  be  demonstrated  by  chemical  reactions. 
The  colors  are  arranged  in  the  order  of  the  spectrum:  violet,  indigo, 
blue,  green,  yellow,  orange,  and  red,  shown  either  in  the  rainbow  or  by 
the  refraction  of  a  beam  of  sunlight  by  a  prism.  Of  these,  violet  is  the 
most  refracted  and  has  the  shortest  wave-length,  and  red  is  the  least 
refracted  and  has  the  longest  wave-length.  The  colors  are  the  result 
of  rays  of  different  velocity  and  refrangibility  which  are  refracted  at 
different  angles. 

The  theories  of  the  physiology  of  color  perception  generally  accepted 
are:  (i)  Hering^s,  the  decomposition  and  restitution  of  the  visual  sub- 
stance in  vision,  white,  red,  and  yellow  representing  the  sensation  of  dis- 
similation; black,  green,  and  blue  that  of  re-assimilation;  (2)  Young- 
Helmholtz^s,  which  presupposes  three  kinds  of  ner\^e-elements  corre- 
sponding to  the  three  primar\'  colors — red,  green,  and  violet;  and  (3) 
Preyer's,  which  considers  the  sense  of  color  to  be  developed  from  the 
sense  of  temperature  restricted  to  the  retina.  "  Intensity  of  brightness 
depends  upon  the  degree  of  the  excitation,  the  quality  upon  the 
frequency  of  the  vibrations.  Hence  the  spectrum  is  divided  into 
warm  and  cold  colors.  Every  optic  nerve-fiber  ends  in  two  cones, 
one  of  which  is  excited  by  warm-colored  and  the  other  only  by 
cold-colored  light-rays.  The  excitations  arc  received  by  the  ganghon 
cell  which  transmits  to  the  brain  either  the  former  or  the  latter,  never 
both  together.  In  the  normal  eye  the  cones  are  present  in  equal  pro- 
portion, and  are  so  arranged  that  the  warm  cones,  sensitive  to  red  and 
yellow,  are  at  equal  distances  from  each  other  and  from  the  cold  cones, 
sensitive  to  green  and  blue"  (Jennings). 

The  theories  are  faulty  in  that  they  refer  in  vague  and  uncertain 
terms  to  the  influence,  in  the  development  of  the  color  sense,  of  asso- 
ciation of  sensations  and  the  results  of  training.     We  are  ignorant  of 
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the  physiology  of  color  perception  in  the  lower  animals,  and  can  only 
conjecture  the  nature  of  the  stimulation  by  its  results,  but  it  is  entirely 
reasonable  to  assume  that  the  retina  and  cerebral  centers  of  animals 
are  color  perceptive,  and  probably  to  a  much  higher  degree  than  those 
of  man. 

The  theory  that  seems  most  plausible  is  that  of  the  susceptibility 
of  some  retinal  cones  for  stimuli  of  a  certain  velocity  corresponding  to 
certain  colors,  and  the  susceptibility  of  others  for  those  of  a  greater  or 
less  velocity  or  capability  of  excitation.  These  impressions  are  conveyed 
with  different  degrees  of  speed  or  activity  to  the  cerebral  centers,  and 
there,  from  education  and  training,  recognized  as  certain  colors. 

Simple  Colors  are  those  that  cannot  again  be  decomposed  by  a 
prism.  A  color  has  three  qualities:  (i)  Hue  (comparing  it  with  a 
spectral  color  or  a  combination  of  them);  (2)  purity  or  tint  (absence 
of  white  light  entering  into  it) ;  and  (3)  brightness  or  shade. 

Complementary  Colors. — Two  simple  colors,  when  mixed  together 
in  the  proper  proportion,  will  make  white.  These  colors  are  comple- 
mentary to  each  other.  The  following  series  of  complementary  colors 
is  taken  from  Helmholtz: 

Color,  Complementary, 

Red.  Green-blue. 

Orange.  Blue. 

Green -yellow.  Violet. 

Color-blindness. — The  loss  of  the  perception  of  colors,  or  of  the 
power  of  distinguishing  colors,  is  total  or  partial.  If  every  color  appears 
as  a  mixed  black  or  white-gray,  total  color-blindness  is  present.  If  one 
color  or  two  colors — for  example,  red,  green,  or  violet — cannot  be  seen, 
the  color-blindness  is  partial.  Color-blindness  is  congenital  or  acquired 
as  the  result  of  disease.  Color-blindness,  properly  so-called,  is  always 
congenital.    The  most  common  forms  are: 

Green-blindness  (Achloropsia), — An  individual  affected  with 
green-blindness  will  appreciate  all  the  simple  colors  of  the  spectrum 
except  those  in  which  green  forms  a  part.  The  green  in  the  spectrum 
is  substituted  by  a  gray  streak.  In  this  case  there  are  but  two  funda- 
mental or  primary  colors — namely,  red  and  violet.  The  red,  orange, 
and  yellow  of  the  spectrum  are  all  yellow  pf  varying  brightness  or  tint; 
the  red,  dark  yellow;  the  orange,  lighter;  yellow,  bright;  and  the  green, 
a  light  yellow.  According  to  the  Young-Helmholtz  theory, — namely, 
the  existence  of  fibers  and  cells  sensitive  to  red,  green,  violet,  or  blue, — 
the  green-blind  has  cells  that  are  sensitive  to  red  and  blue  only.    If 
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red  strikes  the  cells,  the  red  cones  are  affected,  thus  stimulating  the 
green;  if  the  green  cones  are  stimulated  from  the  red,  the  impression 
of  yellow  is  received  in  the  cortical  centers,  hence  the  green-blind 
individual  cannot  distinguish  between  red  and  yellow.  He  sees  the 
neutral  or  gray  band  in  the  spectrum,  because  the  red  and  blue  cones 
are  stimulated  about  equally,  and,  as  in  normal  eyes  when  all  three 
are  excited,  white  and  gray  are  the  result. 

Red-blindness  (Anerythropsia). — According  to  the  same  theorv, 
the  red  cones  have  become  equal  to  the  green,  while  the  rest  of  the  color- 
perceptive  faculties  remain  unchanged.  The  individual  sees  the 
yellow  as  yellow,  and  the  green  as  yellow,  the  spectrum  having  become 
shortened  at  the  red  end;  these  impression  less  rays  stimulating  the 
green  sensitive  cells  only  slightly. 

Familiar  examples  of  errors  made  by  the  red-blind  are  the  inability 
to  distinguish  by  hue  the  geranium  blossom,  the  cherry,  and  the  rose 
from  their  respective  leaves.     The  discoverer  of  color-blindness,  Dalton 
wore  a  conspicuously  red  coat  in  the  belief  that  it  was  in  full  harmony 
with  his  Quaker  garb. 

Tests  for  Color-blindness.— Individuals  with  defective  color  sense 
may  often  correctly  name  colors,  and  yet  are  not  able  to  distinguish 
between  the  colored  signals  employed  in  railroad  service.  The  usual 
test  for  the  detection  of  color-blindness  is  based  upon  the  Holmgren 
wools,  and  this  is  supplemented  in  special  cases  with  the  lantern  test. 

Holmgren  Wools. — The  complete  set  consists  of  three  test -skeins, 
corresponding  in  hue  to  certain  standard  color  saturation,  and,  in  addi- 
tion, a  large  number  of  smaller  skeins,  including  both  lighter  and 
darker  shades  and  confusion  colors.  The  large  skeins  are  light  green, 
rose  or  purple,  and  red. 

The  person  under  examination  is  first  handed  the  light  green  skein, 
and  requested  to  select  all  that  most  nearly  match  it  in  color,  although 
there  is  no  skein  that  is  exactly  of  the  same  color.  If  he  selects  in 
addition  to  the  lighter  and  darker  shades  of  green,  the  confusion  colors, 
grays,  pinks,  and  yellows,  complete  color-blindness  exists;  if  only  one 
or  more  of  the  grays  or  drabs  are  included  with  the  greens,  he  is  in- 
completely color-blind. 

The  test  is  now  repeated,  using  the  rose  test-skein.  Complete  red 
color-blindness  is  indicated  by  the  selection  of  the  blue  and  violet 
skeins,  and  complete  green-blindness  by  the  selection  of  the  grays  or 
greens.    Individuals  partially  color-blind  wuU  select  the  purple  skeins. 

The  bright  red  test-skein  is  of  use  only  in  marked  cases  of  color 
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defect,  those  suffering  from  red-blindness  selecting  the  reds,  greens, 
and  dark  biOTftTi ;  the  green-blind j  the  green  and  light  shades  of  brown, 

Thomson  arranges  the  skeins  in  two  groups,  each  skein  numbered 
by  a  concealed  metal  disk.  The  examiner  makes  a  note  of  the  number 
of  each  skein  selected  to  match  the  green  and  rose  test -skeins,  so  that 
the  record  of  the  examination  may  be  preserv^ed. 

Thomson's  Color-test  Stick, — For  rapid  examination  of  a  lar^e 
number  of  men  for  color-blindness  Thomson  has  devised  a  system  based 
upon  the  Holmgren  wools,  to  be  used  by 
railroad  superintendents.  The  results  of 
the  tests  are  submitted  to  the  railroad 
surgeon.  On  a  stick  forty  colors  are  ar- 
ranged alternately  to  match  the  test-skeins, 
and  are  of  those  confusion  tints  which 
experience  shows  to  be  most  commonly 
selected  by  the  color-blind.  The  first 
tw^enty  are  green  and  its  confusion  tints; 
of  the  latter,  five  are  gray  and  five  brown. 
The  green-blind  chooses  the  grays,  the 
red-blin  d  t  he  b  rowns  ♦  The  second  twen  t  y 
are  rose  and  blue  (21-30)  and  red  and  its 
confusion  colors  brown  in  many  shades 
(31-40),  Each  skein  is  numbered,  so 
that  at  the  conclusion  of  the  test  the 
selected  skeins  prove  normal  color  per- 
ception or  color-blindness. 

Pse udo- iso chromati c  PI ates , — St i U- 
ing  has  suggested  a  series  of  test-plates 
consisting  of  squares  made  by  colored 
spots  among  which  are  other  spots,  irregu- 
larly arranged,  made  up  of  confusion  Fic, 
colors.  He  also  has  demised  letters  made 
of  test  colors  printed  in  a  background  of  confusion  colors.  Thus,  a  red 
letter  printed  on  a  brown  backgroimd  cannot  be  seen  by  the  red-blind. 

The  spectroscope  consists  of  a  prism  which  when  exposed  to  a  ray 
of  sunlight  breaks  up  the  beam  into  the  seven  colors  of  the  rainbow. 
Browning  has  devised  a  small  pocket  instrument  that  can  be  con- 
veniently used  as  a  test  for  color-blindness.  The  spectrum  will  be 
shortened  or  some  colors  will  not  be  seen,  according  to  the  kind  of 
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The  Lantern. — Thomson  and  Williams  have  suggested  lanterns 
as  tests,  as  more  nearly  approaching  the  actual  conditions  of  life  of 
railroad  and  steamship  men  who  come  up  for  examination.  The 
illumination  may  be  an  oil  lamp,  electric  light,  or  gas.  The  lanteni 
is  provided  with  a  series  of  color  disks  which  can  be  slid  in  front  of  an 
aperture.  The  subject  stands  at  several  feet  distance  and  is  asked  to 
name  the  color  of  the  illuminated  disk.  Inability'  to  correctly  distin- 
guish the  colors  is  positive  evidence  of  unfitness  for  any  employincnt 
which  requires  recognition  of  color. 


Method  of  Locating  Foreign  Bodies  in  the  Eyeball  or 

Orbit  by  the  Rontgen  Rays. 
The  determination  of  the  location  of  pieces  of  metal  in  the  eye  or 
immediately  adjacent  tissues  by  means  of  the  Rontgen  rays  demands 

that  the  shadow  of  the  foreign 
body  as  shown  on  the  radio- 
graph be  studied  in  relation 
to  the  shadows  of  at  least  two 
opaque  objects  of  known  po- 
sition.    The  method  of  judg- 
ing the  approximate  position 
of  the  body  in  the  eye  from 
the  relation  of  its  shadow  on 
the  photographic  plate  to  the 
shadows  cast  by  the  bones  of 
the  orbit  is  less  accurate  than 
the  method  by  triangulation,  even  when  carried 
out  by]. making  two  exposures  upon  the  same 
plate  with  the  tube  in  different  positions,  or  by 
making  several  separate  exposures. 

Sweet  has  designed  a  localizing  method 
consisting  of  two  metal  indicators,  one  point- 
ing to  the  center  of  the  cornea  and  the  other 
situated  to  the  outer  canthus  at  a  known  dis- 
tance from  the  first.  Two  exposures  are  made 
in  order  to  give  different  relations  of  the  shadows 
of  the  indicators  and  of  the  body  in  the  eyeball,  one  with  the  ray  tube 
horizontal  or  nearly  so  with  the  plane  of  the  indicators,  and  the  other 
with  the  tube  below  this  plane. 
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The  principle  of  the  method  may  be  understood  from  the  perspec- 
tive drawing,  Fig.  247.  Rays  coming  from  the  light  situated  at  A 
cast  shadows  of  two  ball-pointed  rods  and  an  object  in  the  eyeball, 
and  give  the  view  shown  on  the  surface  C.  In  this  instance  the 
tube  is  in  front  of  the  vertical  plane  of  the  two  indicators,  and  conse- 
quently the  shadow  of  the  center  ball  will  be  thrown  back  of  that 
of  the  outer  ball.  When  the  light  is  carried  below  the  plane  of  the 
two  indicators,  the  shadows  of  the  two  rods  are  formed  on  the  sur- 
face D,  and  the  shadow  of  the  foreign  body  in  the  eye  assumes  a 
new  position.  If  the  distance  of  one  of  the  indicating  rods  from  the 
center  of  the  cornea  is  known,  and  the  distance  between  the  two 
indicators  is  measured,  the  position  of  the  metal  in  the  eye  may  be 
determined,  since  the  shadow  of  the  foreign  body  preserves  at  all 
times  a  fixed  relation  to  the  shadows  of  the  in- 
dicating balls  in  whatever  position  the  light  is 
placed. 

Accurate  localization  requires  that  the  axis  of 
the  eyeball  shall  be  parallel  with  the  two  indicators 
and  with  the  photographic  plate,  that  one  of  the 
indicating  balls  be  opposite  to  the  center  of  the  cor- 
nea and  at  a  known  distance  from  it,  and  that  both 
indicators  are  at  a  measured  distance  from  each 
other.  The  plate-holder  and  indicators  have  been  Fig.  248.— Indicat- 
combined  into  a  special  apparatus  which  is  bound  s^^JruR^^^^s^^^ 
to  the  side  of  the  head,  as  shown  in  Fig.  248.  The  of  Head. 
arrangements  of  the  parts  of  this  apparatus  are 
such  that  the  indicators,  while  freely  adjustable,  are  always  parallel  to 
each  other  and  to  the  plate,  and  the  two  balls  are  perpendicular  to 
the  plate  and  15  cm.  distance  between  their  centers  when  the  appa- 
ratus is  in  place.  It  is  necessar}'  that  the  patient  rotate  the  eyeball  to 
bring  the  ocular  axis  parallel  with  the  plane  of  the  photographic  plate, 
and  that  the  operator  adjust  the  indicators  so  that  the  center  ball  is 
opposite  to  the  center  of  the  cornea. 

To  determine  the  position  of  the  foreign  body  in  the  eye,  two  circles 
are  drawn  representing  the  horizontal  and  vertical  sections  of  the 
normal  adult  eyeball,  and  upon  these  are  marked  the  situation  of  the 
indicating  balls  at  the  time  the  radiographs  are  made. 

Lines  are  drawn  through  the  shadow  of  each  of  the  indicating  balls 
on  the  two  radiographs.  On  the  negative  made  with  the  tube  hori- 
zontal and  parallel  with  the  plane  of  the  indicators  a  measurement 


Fl0,    a49> — RADIOaRAPH  UAD£   WITH  TUBE  NEAX   PLANE   OF   INDICATORS. 

above  or  below  the  spots  representing  the  two  indicators  on  the  diagram 
of  the  vertical  section  of  the  eyeball.     Thus,  in  the  radiograph  (Fig, 


FtG.  250.— Radiogkaph  made  with  Tube  below  Pj-ane  op  Indicators. 

249)  the  distance  of  the  foreign  body  below  each  indicalor  (O  S  and 
N  S)  is  entered  below  the  spots  A  and  B,  front  view,  Fig,  251,    A  line 
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drawn  through  the  points  C  and  D  gives  the  direction  of  the  :»-rays  at 
the  time  the  shadow  of  the  foreign  body  was  cast  upon  the  plate. 

Similar  measurements  of  the  distance  the  shadow  of  the  foreign 
body  is  below  the  shadow  of  each  of  the  indicators  are  made  on 
the  second  negative,  and  these  measurements  are  likewise  entered 
below  the  points  A  and  B,  representing  the  two  balls  on  the  vertical 
section  of  the  eyeball.  These  measurements  are  A  F  and  B  E.  A 
line  drawn  through  the  points  E  and  F  gives  the  direction  of  the  rays 


M 


!  Horizontal 
sectian. 


Front  view. 


Side  view 


Fig.  251. — Diagram  of  Position  of  Foreign  Body  in  Eyeball. 

when  the  second  negative  was  made.  Since  these  two  lines  indicate 
the  plane  of  the  shadow  of  the  foreign  body  at  each  exposure,  the  inter- 
section of  the  lines  must  be  the  location  of  the  metal  in  the  eye  as  meas- 
ured above  or  below  the  horizontal  plane  of  the  globe  and  to  the  tem- 
poral or  nasal  side. 

To  determine  the  distance  of  the  foreign  body  back  of  the  center  of 
the  cornea,  the  negative  made  with  the  tube  horizontal  is  taken,  and 
the  distance  is  measured  that  the  shadow  of  the  ball  opposite  the  center 
of  the  cornea  lies  posterior  to  that  of  the  external  ball.     This  distance 
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is  entered  directly  above  the  external  ball  on  the  diagram  representing 
the  horizontal  section  of  the  eyeball.  A  line  drawn  from  K  through 
the  center  ball  gives  the  direction  of  the  rays  at  the  time  the  radio- 
graph was  made.  On  the  same  negative  is  measured  the  distance  that 
the  shadow  of  the  foreign  body  is  back  of  the  shadow  of  each  of  the 
indicators,  and  these  distances,  B  J  and  A  H,  are  entered  on  the  dia- 
gram. A  line  is  drawTi  through  the  points  J  and  H,  and,  since  this 
line  represents  the  plane  of  the  shadow  of  the  foreign  body,  the 
point  at  which  a  perpendicular  drawn  from  the  situation  of  metal 
as  shown  on  the  vertical  section  of  the  eyeball  intersects  this  line 
indicates  the  situation  of  the  body  back  of  the  center  of  the  cornea. 
If  the  position  of  the  tube  from  the  eye  has  been  measured,  its  dis- 
tance is  indicated  on  the  line  drawn  from  K  through  the  center 
ball  A.  A  line  through  J  to  this  point  indicates  the  divergence 
of  the  rays.  This  means  of  determining  the  position  of  the  plane  of 
shadow  of  the  foreign  body  is  more  accurate  than  when  the  measure- 
ment is  made  of  the  shadow  of  the  body  above  each  of  the  balls,  and 
should  be  followed  especially  if  the  body  is  some  distance  away  from 
the  anterior  segment  of  the  globe  or  is  in  the  orbit. 

If  the  foreign  body  has  passed  into  the  orbit,  the  rotation  of  the 
eyeball  to  insure  parallelism  of  the  ocular  axis  with  the  plane  of  the  plate 
leads  to  a  slight  error  in  the  determination  of  the  position  of  the  metal. 
To  eliminate  this  error  necessitates  a  knowledge  of  the  angle  of  the 
orbit  with  the  plate  or,  its  equivalent,  the  amount  of  deviation  of  the 
eyeball  from  the  primary  position  and  the  consideration  of  this  angle 
in  plotting  the  diagrammatic  circles  representing  the  eyeball. 

The  indicating  apparatus  is  secured  to  the  side  of  the  head  corre- 
sponding to  the  injured  eye,  and  the  tube  placed  about  12  or  15  inches 
to  the  opposite  side  and  slightly  forward.  The  patient  is  in  the  re- 
cumbent posture  to  insure  steadiness  of  the  head.  After  the  indi- 
cating rods  have  been  adjusted  the  patient  fixes  an  object  about  5  to  10 
feet  distant,  so  placed  that  the  visual  axis  of  the  injured  eye  shall  be 
parallel  to  the  photographic  plate.  An  exposure  of  from  one  to  two 
minutes  will  clearly  outline  the  bones  of  the  orbit  and  secure  a  shadow 
of  any  body  opaque  to  the  rays  in  the  eyeball  or  in  its  neighborhood. 

Mackensie  Davidson  secures  equally  accurate  results  in  the  locali- 
zation of  foreign  bodies  in  the  eyeball  by  means  of  special  form  of 
apparatus  and  the  use  of  particles  of  fuse  wire  placed  at  points  near  the 
orbital  margin.  The  planes  of  shadow  of  the  foreign  body  at  the  two 
exposures  and  their  point  of  crossing  are  indicated  by  means  of  threads. 
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The  Economic  Value  of  Vision. 

The  determination  of  the  pecuniary  value  of  vision  is  based  upon  a 
consideration  of  several  factors,  and,  while  it  is  not  possible  to  arrive  at 
an  accurate  estimate  in  all  cases,  an  approximation  of  its  practical 
worth  may  be  reached.  An  estimation  is  made  according  to  the  fol- 
lowing points. 

1.  Skilled  or  Unskilled  Labor. — The  former  demands  experi- 
ence, training,  knowledge,  mental  or  physical  vigor  or  both,  and 
adaptability ;  the  latter,  ordinary  intelligence  to  understand,  and  physical 
strength  to  carry  out  orders.  The  pecuniary  returns  for  the  execution 
of  skilled  labor  bear  a  constant  relation  to  the  character  of  the  work 
and  the  results  obtained;  those  for  unskilled  labor  are  only  a  little 
more  than  enough  for  the  support  of  the  laborer  and  his  family.  Skilled 
labor  may  be  divided  into  two  classes:  (a)  Brain-workers,  including 
financiers,  capitalists,  professional  men ;  (6)  artisans  of  the  higher  class. 

2.  Age  of  the  Individual. — The  presumption  of  a  certain  number 
of  years  of  unimpaired  usefulness  and  full  earning  ability. 

3.  Income,  including  both  the  yearly  remuneration  and  the  pros- 
pect of  increase. 

4.  Competition,  or  the  comparative  value  of  the  products  of  labor. 

5.  Visual  Acuity  and  Endurance  required  in  the  consummation 
of  the  labor. 

Partial  loss  of  vision  reduces  the  earning  power  of  an  individual  in 
direct  proportion  to  the  degree.  Complete  loss  of  sight  incapacitates 
the  worker  and  removes  him  from  the  class  of  wage-earners  to  the  class 
of  dependents. 

Three  factors  enter  into  the  function  of  vision — the  central  acuity, 
the  visual  field,  and  the  cerebral  centers.  Per\'ersion  or  destruction 
of  the  normal  activity  of  one  or  all  permanently  diminishes  the  use- 
fubiess  of  the  eyes.  The  muscular  apparatus  necessary  for  binocular 
vision  does  not  enter  into  the  consideration  of  the  essentials  for  practical 
usefulness  of  the  eyes. 

For  the  purposes  of  the  estimation  of  the  earning  ability  of  an  indi- 
vidual vision  is  considered  as  lost  if  it  falls  below  the  power  to  distin- 
guish objects  at  J  meter  and  cannot  be  regained  by  optical  or  therapeutic 
means.  This  is  practically  blindness,  and  disbars  the  individual  from 
earning  his  Uving.  Exception  must  be  made  in  the  comparatively  few 
individuals  who  have  learned  to  pursue  occupations  that  require  no 
vision. 
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If  ormal  Vision. — The  visual  acuity  is  tested  according  to  the  usual 
tests.  V  =  (f)  =  I.  The  power  to  distinguish  fine  type  at  33  cm. 
constitutes  the  near  visual  acuity. 

The  visual  field  is  measured  by  the  perimeter,  and  should  corre- 
spond to  the  normal  limits  and  be  free  from  scotomata. 

The  cerebral  centers  complete  the  visual  act  by  receiving  and  co- 
ordinating the  retinal  impressions  into  intelligent  conceptions. 

Defective  Vision. — The  computation  for  the  just  estimation  of 
damages  to  be  claimed  or  awarded  as  a  result  of  injury  may  in  general 
be  made  according  to  the  simple  method  outlined  or  according  to 
the  algebraic  formulae  of  Magnus  and  Wiirdeman.*  Both  take  into 
consideration  identical  factors — namely,  the  age,  the  income  at  the 
time  of  the  accident,  the  probable  increase  of  earnings  had  \asion  in 
both  eyes  been  preserved,  the  decrease  in  earning  powder  by  reason  of 
defective  vision,  and  the  average  total  of  earnings  during  the  working 
years.  Cognizance  of  these  data  establishes  a  principle  by  which  the 
amount  of  damages  in  any  given  case  may  be  determined.  The  fol- 
lowing table  gives  the  age  and  approximate  increase  in  earning  power 
of  skilled  labor  under  normal  conditions,  as  compared  with  the  loss  of 
earning  power  in  the  different  degrees  of  loss  of  vision : 


Unimpaired  Vision. 


Defective  Vision. 


Age. 
Years. 


Earning  per  Year  in 
General  Terms. 


Amount  of  Reduction 
in  Visual  Acuity. 


Equivalent  Loss  of 

Earning  Capacity. 

Per  Cent. 


Earning 
Capacity. 
Per  Cent. 


15-20 

X 

1, 

^ 

1 

20 

80 

20-30 

2   X 

-.■ 

Zi 

66 

30-40 

4  X 

1 

1 

50 

50 

40-50 

50-60 

%x 
16  X 

1 
1 

66 
80 
95 

33 
20 

5 

Fingc 

rs  at 

im. 

100 

0 

It  is  assumed  that  the  loss  of  less  than  20  per  cent,  of  visual  power 
(acuity,  field,  and  endurance  of  both  eyes)  will  not  impair  earning 
ability,  but  that  in  the  higher  percentages  it  diminishes  in  direct  pro- 
portion to  the  degree  of  loss. 

It  is  also  assumed  for  the  higher  classes  of  professional  and  skilled 


♦The  monograph  of  Magnus  and  Wiirdeman,   1902,  gives  a  complete  and 
scientific  exposition  of  the  subject. 
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labor  that  the  earning  capacity  and  the  income  double  every  ten  years 
until  between  the  fifth  and  sixth  decade,  when  it  begins  to  diminish  or 
stops  altogether.  For  unskilled  labor  this  increase  in  income  is  not  to 
be  computed.  When  the  earning  power  falls  below  66  per  cent,  of  the 
average,  promotion  with  increase  in  income  cannot  be  reckoned,  and 
that  when  80  per  cent,  of  the  visual  power  is  lost  the  subject  is  no  longer 
in  a  position  to  earn  the  income  that  was  his  before,  and  therefore  not 
only  receives  no  increase,  but  his  wages  thereafter  may  diminish. 

Example:  A  man  in  his  fortieth  year  met  with  an  accident,  by  which 
his  visual  ability  has  been  reduced  50  per  cent. 


Age. 
Years. 

Earnings  per 
Year. 

Total  Normal 
Earnings. 

Vision. 

Total  Actual 
Earnings. 

15-20 
20-30 
30-40 
40-50 
50-60 

$600 
1,200 
2,400 
4,800 
9,600 

$3,000 
12,000 
24,000 
48,000 
96,000 

$3,000 
12,000 
24,000 
12,000) 

I2,000> 

$183,000 

$63,000 

By  the  time  he  reached  sixty  years  of  age  he  would  have  earned 
$183,000,  but  in  his  fortieth  year,  with  the  loss  of  50  per  cent,  of  visual 
ability,  the  earning  power  declined  50  per  cent.,  and  the  normal  increase 
in  income  ceased.  Therefore,  he  really  at  the  end  of  his  sixtieth  year 
earned  $63,000,  or  $120,000  less.  This  represents,  other  things  being 
equal,  the  cost  of  the  injury. 

Example:  In  his  fortieth  year  a  man  loses  95  per  cent,  of  his  earning 
power  by  an  accident  that  reduced  his  vision  to  ^. 


Age. 
Years. 

Earnings  per 
Year. 

Total  Normal 
Earnings. 

Vision. 

Total  Actual 
Earnings. 

15-20 
20-30 
30-40 
40-50 
50-60 

$200 

400 

800 

1600 

3200 

$1,000 

4,000 

8,000 

16,000 

32,000 

I 

$1,000 

4,000 

8,000 

400 

400 

1 

$61,000 

$13,800 

Example:  A  man  earns  one  dollar  per  day  between  the  ages  of  fif- 
teen and  sixty  as  a  laborer.    He  will  receive  no  promotion  and  no  in- 
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crease  of  income.    He  loses  by  accident  33  per  cent,  of  his  eaniing 
capacity  in  his  twentieth  year. 


Yram. 

EjkVriHClS    FEB. 
YtAR, 

Total  Kokmal 

ViSlOH. 

Total  Acttai. 
Eakmucc*^. 

lS-20 
20-30 
3^-40 
40-50 
50-60 

$300 
300 
300 
300 

j,ooo 

3,000 

3iOoo 

I 

3,000 
2,000 
2,000 

a,ooo 

$13,000 

$8,000 

Loss  of  Vision  of  One   Eye.— Complete  blindness  in  one  eye 
diminishes  the  earning  power  in  three  ways:  (j)  By  limiting  the  choice 
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Fig.  252, — The  Tropometer. 

of  occupation  and  depriving  the  subject  of  his  ability  to  compete  with 
others;  (a)  by  cutting  off  one-third  of  the  binooilar  field  of  vision  and 
temporarily  disturbing  judgment  of  space  and  size;  (3)  by  the  refusal 
of  some  employers  to  hire  a  one-eyed  man,     A  fourth  factor  is  the  danger 
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of  sympathetic  ophthalmia  and  the  increased  risk  of  total  blindness. 
It  is  estimated  that  the  loss  of  earning  power  equals  one-third  in  skilled 
labor  and  one-fifth  in  unskilled  labor. 

In  disease  of  the  eyCi  spontaneous  or  the  result  of  accidenl,  the 
earning  power  is  reduced  according  to  the  vision  lost  and  to  the  effect 
upon  the  earning  ability  of  the  symptoms  of  the  disease.  In  general, 
acute  inflammation  of  one  or  both  eves  totallv  disables  the  indi%'idual; 


•i 


Fig.  :>s3. — The  Clusoscope, 

chronic  inflammation,  only  partly*    The  damages  to  be  claimed  or  to 
be  awarded  may  be  computed  by  the  method  pre\1ously  indicated. 


Tropometeb  and  Clinoscope. 

The  Tropometer, — Dr.  G.  T.  Stevens  has  devised  the  tropometer 

us  a  means  for  the  scientific  and  accurate  measurement  of  the  limits 
of  rotation  of  the  eyeball.  It  is  useful  in  both  functional  and  organic 
muscular  anomabes  to  determine  by  observation,  and  comparison  in 
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degrees,  the  limits  of  the  muscular  power  of  turn: 
directions.  For  example,  in  apparent  lateral  func 
the  inward  and  outward  excursions  of  the  cornea 
the  average  normal  rotary  power  are  measured  an 
strength  of  the  muscles  learned.  Also,  the  deper 
squint  upon  increased  tension  of  the  levators  or 
cornea  may  be  diagnosed.  The  average  rotations 
ward,  33  degrees;  downward,  50  degrees;  inward 
outward,  50  degrees. 

The  tropometer  consists  of  a  firm  support  for  h< 
head  in  the  primary  position  while  the  observer  stuc 
of  the  eyeball  as  shadowed  on  the  eyepiece  of  a  teles< 
scale  permits  accurate  measurements  of  the  rotatioi 
any  direction. 

The  Clinoscope. — This  instrument,  also  design 
is  employed  to  detect  inclinations  of  the  planes  of  tl 
means  of  two  lines  on  a  glass  plate  in  one  end  of  the 
of  the  visual  line  of  one  eye  is  compared  with  that  o 
together  are  compared  with  normal  inclinations, 
fulness  of  the  instrument  is  shown  in  suspected  ineqi 
tension,  and  by  it  the  direction  of  the  visual  planes 
meridional  rotation  of  the  retinas  away  from  the  m 
degrees. 
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Abducens  nerve  (external  rectus),  412 

paralysis  of»  421 
Abduttion,  413,  425,  428 

relative  power  of,  429,  431,  432 
Aberration,  69 
Ablepharia,  97 
Abscess  of  cornea,  217,  218 

of  eyelids,  106 

of  lacrimal  gland,  137 

of  orbit,  363 
Abscission,  288 

Accommodation,  33,  34,  35,  39,  40,  56, 
61,  74,  78,  80,  81,  89,  233,  420,  456 

amplitude  of,  34,  85 

ana  convergence,  34 

formula  for  obtaining  the  range  of,  34 

in  emmetropia,  34 

in  hyperopia,  34,  82 

in  myopia,  34 

paralysis  of,  39,  40,  4I1  420,  423 

paresis  of,  461 

power  or  amplitude  of,  34,  85 

range  of,  34 

reflex  of  pupil  in,  453,  479,  456,  480 

relation  of  convergence  to,  35,  435 

relative,  34 

spasm  of,  43,  69,  89 

theory  of,  34 
Achloropsia,  499 
Actual  cautery,  216 

in  corneal  ulcers,  216 
in  scleritis,  205 
Adams  operation  for  ectropion,  118 
Adduction,  413,  425,  428 
Adenoma  of  eyelids,  102 

of  lacrimal  gland,  134 
Adrenalin,  45 

chlorid,  45 
Advancement,  431,  444 

in  esophoria,  431 

in  esotropia,  439 

in  exophoria,  432 

in  exotropia,  441 

in  hyperphoria,  434 

in  hypertropia,  44a 


Advancement  in  strabismus,  440,  442 

of  capsule  of  Tenon,  446 
After-cataract,  314,  323 

operations  for,  343 
Albinism,  377 

myopia  in,  377 
Albino,  22,  356 
Albuminuria,  328,  370,  483 
Alcohol,  17,  399,  4001  405 

amblyopia,  400 
Acohol&m,  398 

acute,  398 
Alopecia,  10 1 
Amaurosis,  483 

epileptiform,  482 
Amblyopia,  404,  435 

congenital,  for  colors,  405 

exanopsia,  404 

field  in,  436 

from  alcohol,  399,  405 

from  diabetes,  405 

from  drugs,  405 

from  hemorrhage,  404 

from  iodoform,  405 

from  Jamaica  ginger,  406 

from  lead,  406 

from  methyl  alcohol,  406 

from  nitrobenzol,  399 

from  quinin,  405 

from  salicylic  acid,  399 

from  tobacco,  390 

hysteric,  405,  486 

of  hcterotropia,  404,  435 

of  squinting  eyes,  435 

pretended,  409 

diplopia  test  for,  409 
Harlan's  test  for,  410 
Wieland's  test  for,  410 

reaction  of  pupil  in,  409 

toxic,  400 

traumatic,  266 

uremic,  369 

visual  field  in,  436 

with  color  scotoma,  400 
Amblyoscope,  439,  440 
Ametropia,  35,  40,  71,  358,  495 

axial,  71 
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Ametropia,  curvature,  71 
in  heterotropia,  435 
mydriatics  in,  40,  439 
ophthalmoscope  in,  61,  63 
Anagnostaki's  operation,  127 
Anaphoria,  424 
Anasarca,  483 
Anemia,  357,  37i»  39© 

pernicious,  393 
Anerythropsia,  500 

Anesthesia,  general,  190,  330,  442,  445 
infiltration,  44 
local,  43,  44 
of  retina,  358 
Anesthetics,  39,  43 
Aneurysm,  154 

of  retinal  vessels,  374,  375 
Angioma  of  conjunctiva,  203 
of  eyelids,  108 
of  orbit,  154 
Angle  alpha,  35,  80 
gamma,  35 

meter  of  convergence,  35,  437 
of  deviation,  437 
of  incidence,  48 
of  refraction,  48 
the  visual,  24,  25 
of  anterior  chamber,  232 
Angoid  streaks  in  retina,  374 
Aniridia,  233 
Anisocuria,  234,  453 
Anisometropia,  91 
Ankyloblepharon,  98 

congenital,  128 
Annular  senilis,  228 
Anterior  chamber,  22 
angle  of,  232 
cxcrctor}'  angle  of,  247 
filtration  angle,  22,  341 
foreign  lx)dies  in,  258,  259 
in  glaucoma,  295,  309,  310 
irrigation  of,  after  cataract  extrac- 
tion, 334 
focal  distance,  36 
focus,  35 
Anthrax  bacillus,  99 
Antinurtroi)ia,  91 

strabismus  in,  91 
Antitoxin  injections,  181 
Antrum  of  Highmore,  139 
Aphasia,  400 
Apoi)lexy,  360,  454 
A(|ucous  humor,  22 
Arcus  senilis,  228 
Arecolin,  450 

Argvll -Robertson  pupil,  423,  454,  455, 
'480 

converse  of,  399 
Arg}Tia,  200 
Arlt  operation  for  enucleation,  281 


I  Artificial  eyes,  care  of,  29 1 

fitting  of,  290 
I  insertion  of,  290 

ripening,  328 
I  to  remove,  291 

vitreous,  285,  286 
Aspergillus  fumigatiis,  212 
Asthenopia,  74,  86,  91,  358,  486 
muscular,  430  431,  458 
retinal,  370 
Asmus,  260 

Astigmatic  chart,  72,  86 
Astigmatism,  72,  85 

according  to  the  rule,  89 
after  cataract  extraction,  340 
chart  for,  86 

compound  hyperopic,  89 
optical  treatment  of,  90 
symptoms  of,  89 
myopic,  87 
course  of,  87 
diagnosis  of,  88 
symptoms  of,  88 
treatment  of,  by  glasses,    85 
contrary  to  the  rule,  89 
corneal,  85 

correction  of,  88,  90,  9 1 
course  of,  86 
definition  of,  85 
diagnosis  of,  86 
irregular,  85 

retinoscopy  in,  67,  87 
lenticular,  85 
mixed,  90 
myopic,  87 
obUque.  87 

ophthalmoscopy  in,  87 
regular,  85 
retinoscopy  in,  87 
simple  hyperopic,  89 

myopic,  87 
symptoms  of,  86 
Atrophy  of  globe,  248 
Atropin,  41,  42,  449 
in  choroiditis,  382 
in  corneal  ulcers,  215,  222 
in  dislocation  of  lens,  346 
in  injuries,  256,  268,  270,  272 
in  interstitial  keratitis,  226 
in  iritis,  242,  243,  246 
in  relapsing  keratitis,  254 
in  strabismus,  437 
in  sympathetic  inflammation,  277 
in  traumatic  cataract,  317,  324 
poisoning,  symptoms  of,  41 
Auto-intoxication,  485 
Auto-toxemia,  398 
Axis,  ocular,  422 
optic,  35 
principal,  36,  50 
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Axis,  secondary.  50 
visual,  413,  441 

B. 

Bacillus  albus,  161 
Basedow's  disease,  466 
Becker's  sign,  467 
Beer  knife,  345 
Bell's  palsy,  109 
Bifocal  lenses,  93 
Binocular  field  of  vision,  31 

fixation,  441 

single  vision,  414,  435,  436,  439 

vision,  method  of  testing,  409,  410 
Bjerrum,  32 
Blepharitis,  loi 

marginalis,  ico 

pediculosa,  loi 

sjrphilitic,  102 

treatment  of,  loi 
Blepharophimosis,  128 

congenital,  98 
Blepharoplasty,  116 
Blepharospasm,  108,  129,  276,  358 
Blind  spot,  Marriotte's,  32 
Blindness,  binocular,  simulated,  409 

hysteric  monocular,  488 

reaction  of  pupil  in,  409 

simulated,  409 
Bonnet  operation  for  enucleation.  281, 

283 
Boroglycerid,    167,    178,  184    188,  192 
Bowman's  probes,  141 

membrane,  159,  217 
Brain,  abscess  of,  392,  476 

tumor  of,  370,  392,  476,  477 
Bright's  disease,  483 
Buller  shield,  109,  177,  182,  224 
Buphthalmos,  205,  293,  312 
Burns,  202,  251,  254 
Burow's  method  of  blepharoplasty,  117 

operation  for  entropion,  123 

C. 

Calomel,  178,  179,  244,  277 
Canaliculi,  diseases  of,  134 

displacement  of,  134 

slitting  the,  135 

stricture  of,  135 
Cannabis  indica,  358 
Canthoplasty,  129 
Canthotomy,  129,  174 
Capsule  of  Tenon,  440 

advancement  of,  446 
Capsulotomy,  332 
Carbolic  acid,  216 
Carcinoma  of  choroid,  385 

of  ciliary  body,  289 


Carcinoma  of  conjunctiva^  203 

of  eyelids,  103 

of  lacrimal  gland,  134 

of  orbit,  155 
Caries  of  orbit,  146 
Caruncle,  18,  159 

affections  of,  202 
Cataract,  376 

after-  (see  also  Cataract,  secondary), 

314.  32^ 
black,  323 

capsulolenticular.  314 
closure  of  pupil  after,  340 
complete,  322 
complicated,  314,  318 
concussion,  317,  465 
congenital,  314 
constitutional,  318 
cortical,  314 
diabetic,  318,  464 
diagnosis  of,  316 

maturity  of,  322,  327 
etiology  of,  319 

examination  of  light-field  in,  329 
from  ergot,  318 
from  lightning  stroke,  272 
from  naphthalin,  318 
hard,  314 
hereditary,  316 
hereditation  in,  316,  319 
hypermature,  320,  323 
incipient,  314,  320, 
incipient  cortical,  322 
incipient  nuclear,  321 
juvenile,  314 
lamellar,  315,  316 
lenticular,  314 
mature,  320,  322 

treatment  of,  328 
monocular,  315 
Morgagnian,  323 
nephritic,  318 
nuclear,  314 
open  treatment  of,  336 
operations  for: 

after-treatment,  335 

artificial  ripening  of,  328 

astigmatism  after  extraction  of,  318 

Chandler's  operation,  336 

combined  extraction  of,  342 

comparative  value  of  simple  and 
combined  extraction,  302 

complications    during    extraction, 

336 

complications  in  the  heahng,  339 
corneo-scleral  suture  in,  339 
couching,  341,  348 
cystoid  cicatrix  after  extraction  of, 

340 

layed  healing,  339 


34 
dela^ 
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Cataract,  operations,  delirium  after,  342 
detachment  of  retina  in,  317,  319 
discission  of,  317,  324 
discission  of  capsular,  343 
glasses  after  extraction  of,  85 
glaucoma  after  extraction  of,  341 
hemorrhage  in,  341 
hyperopia  after,  81 
infection  after  extraction  of,  339 
instruments  for,  330 
iritis  after  extraction  of,  339 
irrigation,  334 
isinglass  plaster,  335 
keratitis  after  extraction  of,   340, 

342 
linear  extraction  of,  325,  341..  342 
massage  in  treatment  of,  464 
needle  operation  for,  324,  343 
Pagenstecker's  operation,  336 
preparation  of  patient  for  extrac- 
tion of,  329 
prolapse  of  iris,  337 
purulent  infiltration  of  wound,  339 
simple  extraction  of,  328,  335 
toilet  of  wound,  334 

pathology  of,  319 

polar,  anterior,  315 
posterior,  315 

primary,  314 

progress  of,  320 

pyramidal,  314 

rip)e,  322 

secondary,  257,  314,  317 
treatment  of,  318 

senile,  314,  319 
etiology  of,  319 
pathology  of,  319 
treatment  of,  327 

soft,  314 

treatment  of,  324 

spontaneous  disapf)earance  of,  317 

suction  in,  317,  324 

tests  for,  328 

traumatic,  258,  314,  317 

varieties  of,  314 

\'ibratory,  318 

zonular,  316 
Catoptric  test,  348 
Cautery,  actual,  104,  205,  216 

electric,  206,  340,  353 

galvanic,  104,  216,  230,  255 
Cellulitis,  orbital,  148 

after  tenotomy,  443 

purulent,  391 
Center  of  rotation,  36 
Centrad,  47 

Cerebellum,  tumors  of,  477 
Cerebral  abscess,  476 

gumma,  478 

softening,  478 


Chalazion,  106 

treatment  of,  107 
Chemosis,  199 
Cherry  spot  in  macula,  473 
Chiasm,  optic,  387,  408,  448 
Chloral,  399 
;    Chloroform,  450 
Chlorosis,  468 

Choked  disk,  390,  471,  478,  479 
1   Cholesterin,  374 
Chorea,  433 
Chorioretinitis,  379 

atrophic,  380,  383 
Choroid,  375 
I       anatomy  of,  375 

atrophy  of,  75,  383 

carcinoma  of,  385,  386 

chronic  tuberculosis  of,  386 

colloid  degeneration  of,  382 

coloboma  of,  376 

congenital  anomalies  of,  376 

detachment  of,  386 

diseases  of,  375 

edema  of,  266 

foreign  bodies  in,  264 

hemorrhage  into,  256,  259,  386 

hyperemia  of,  377 

injuries  of,  270 

leucosarcoma  of,  384 

macular  coloboma,  376 

melanosarcoma,  384 

ossification  of,  274 

ring,  357 

rupture  of,  271,  ^S^ 

sarcoma  of,  280,  384,  385 

tuberculosis  of,  386 

tumors  of,  384 
'   Choroidal  pigment,  356 
Choroiditis,  235,  351,  377 

areolar,  377 
etiolog\'  of,  378 
patholog>'  of,  379 
'  symptoms  of,  37i8 

atrophic,  378 

central,  379 

course  and  prognosis  of,  381 
etiolog}'  of,  380 
symptoms  of,  380 

disseminated,  318,  377 

guttate,  382 

metastatic,  328,  382 

myopic,  383 

treatment  of,  383 

non-suppurative,  377 

purulent,  382 

suppurative,  377 

Tay's,  373 
Chromidrosis,  102 
Cicatricial  ectropion,  1 19 
Cilia,  loi,  122,  124,  125,  166 
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Ciliary  body,  232,  237,  259 
anatomy  of,  232 
arteries,  anterior,  235 
foreign  bodies  in,  250 
gumma  of,  237 
melanosarcoma  of,  249 
sarcoma  of,  249 
timiors  of,  249 
wounds  of,  257,  267 
ganglion,  232 
ligament,  233 
muscle,  233,  338 

spasm  of,  72,  487 
neuralgia,  303 
processes,  233 
vessels,  299 
Cilioretinal  vessels,  362,  472,  473 
Circles  of  diffusion,  71,  72 
Circular  cement  bifocal  glasses,  94 
Cleft  palate,  376 
Cobalt  glass  test,  38,  425,  427,  430,  432, 

433»  436 
Cocain,  40,  42,  43,  44,  205,  210,  242, 

253»  329»  442»  450 
Codein,  217 
Colchicum,  305 
Coloboma,  macular,  376 

of  choroid,  376 

of  iris,  233 

of  lens,  348 

of  sheath  of  optic  nerve,  389 

palpebrae,  97 
Color  blindness,  498,  499 
Holmgren's  wools,  500 
lantern  test  for,  502 
Thomson's  color  test  stick,  501 

field  of  vision,  30 

perception,  396,  398 
loss  of,  4gQ 
theories  of,  499 

sense,  23,  27,  498 
Colored  vision,  410 
Concave  lens,  image  of  a,  53 
Conical  cornea,  229 

treatment  of,  230 
Conium.  43 
Conjugate  foci,  49,  51 

palsy,  422 
Conjunctiva,  amyloid  disease  of,  201 

anatomy  of,  158 

angioma  of,  203 

angioneurotic  edema  of,  200 

argyria,  200 

atrophy  of,  201 

bacteriology  of,  160,  182 

blood-vessels  of,  159 

bulbar,  158 

burns  of,  251 

carcinoma  of,  203 

chancre  of,  200 


Conjunctiva,  chemosis  of,  169, 176,  178, 

199 
cysts  of,  202 
dermoid  of,  202 
ecchymosLs  of,  199,  250 
eczema  of,  182 
edema  of,  199 
emphysema  of,  199 
folUculosis  of,  183 
foreign  bodies  in,  251 
granular  disease  of,  183,  282 
hyperemia  of,  162 
injuries  of,  250 
lepra  of,  203 
lime  burns  of,  251 
lupus  of,  203 
lymphangiectasis  of,  201 
lymphoid  bodies,  183 
ocular,  18,  158 
palpebral,  18,  158 
papilloma  of,  202 
sarcoma  of,  203 
sterilization  of,  160 
streptococcus,  168,  180,  211,  212 
syphilis  of,  200 
tuberculosis  of,  198 
tumors  of,  202 
ulcer,  sjrphilitic  of,  200 
wounds  of,  250 
xerophthalmia,  201 
xerosis  of,  201 
Conjunctival  congestion,  19,  159 
cul-de-sac,  158 

irrigation  of,  161 

corrosive  sublimate  in,  161 

temp)erature  of,  20 
vessels,  159 

posterior,  19 
Conjunctivitis,  162,  163 
acute  contagious,  164 
atropin,  162 
bacteriology  of,  164 
catarrhal,  acute,  163 
chronic,  166 
croupous,  178,  179 
diagnosis  and  prognosis  of,  165 
diphtheritic,  178,  180 

diplobacillus  in,  167 

Klebs-I^oeffler  bacillus,  180 

membrane  in,  180 

pathology,  180 

sequels  of,  181 

symptoms  of,  180 
diplobacillus,  167 
Egyptian,  184 
epidemic,  163 
follicular,  183 

diagnosis  of,  183 

s\'mptoms  of,  183 

treatment,  184 
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Conjunctivitis,  follicular,  zinc  sulphate 
in,  184 
Friihjahr,  19a 

diagnosis  of,  193 

etiology  of,  175 

symptoms  of,  176 

treatment  of,  177 
gonorrheal,  168,  175 

bacteriology  of,  175 

etiology  of,  175 

symptoms  of,  176 

treatment  of,  177 
granular,  183  I 

bacteriology  of,  184  ' 

electrolysis  in,  190 

etiology  of,  184 

expression  operation  for,  190 

grattage  in,  192 

pathology  of,  185  1 

sequels  of,  187 

symptoms  of,  185  ! 

treatment  of,  188  | 

lacrimal,  136,  166 

lithiasis,  199  | 

lymphomatous,  200  I 

membranous,  178  : 

neonatorum,  168 

bacteriology  of,  168 

corneal  complications  in,  174 

diagnosis  of,  1 70 

prognosis  of,  170  I 

prophylaxis,  170 

sequels  of,  175 

symptoms  of,  169 

treatment  of,  171 
Parinaud's,  200 
petrificans,  199 
phlyctenular,  182  1 

bacteriology  of,  182 

symptoms  of,  182  ' 

treatment  of,  183  , 

pneumococcus,  164  ' 

purulent,  168  \ 

purulent,  of  the  new-born,  168 
simple,  163  I 

diagnosis,  164  ^ 

treatment,  164 
spring,  192  I 

toxic,  162 

trachomatous,  184  1 

vernal,  192 

xerosis,  201  I 

Convergence,  34,  35,  413.  422 
accommodation,  relation  to,  34,  430 
estimation  of,  34  | 

excess  in  esophoria,  438 
meter  angle  of,  35 
negative.  34 
paral)rsis  of,  418,  422 
range  of,  34 


Convergence,  reflex,  of  pupil,  2,^,  449 

relative,  34 
Convex  lens,  refraction  by,  50 
Copper,  257,  265 

sulphate,  184,  188 
Corectopia,  234 
Cornea,  207,  294,  302 

abscess  of,  217 

anatomy  of,  207 

anesthesia  of,  43,  294 

anterior  staphyloma,  209 

blood  staining  of,  231 

bums  of,  254 

coloboma  of,  217 

congenital  affections  of,  208 

conical,  229 

crescentic  ulcer,  211 

cyst  of,  254 

dendriform  ulcer  of,  214 

dermoid  cyst  of,  208 

diseases  of,  207 

edema  of,  295,  298,  300,  3^1 

elliptic,  376 

erosions  of,  253 

examination  of,  20 

fibroma  of,  228 

foreign  bodies  in,  254 

herpes  of,  222 

indolent  ulcer  of,  214 

infecting  ulcer  of,   211 

injuries   of,    253 

leucoma  of,  219 

limbus,   159 

macula   of,    219 

massage  of,  219 
in  glaucoma,  309 

nebula  of,   218,   219 

opacities  of,   209,   218,  280 

paracentesis   of,    216 

perforating  wounds  of,  255 
treatment   of,    256 

perforation   of,    213,    216 
central,  213 
peripheral,  213 

phlyctenular   ulcer   of,    221 

powder  grains  in,  255 

primary  ulcer  of,  209 

purulent  ulcer  of,  210 

sclerosing  keratitis,  217 

secondary  ulcer,  209 

sensibility  of,  20 

sequels,  218 

serpigenous  ulcer,  211 

simple  ulcer  of,  209 

sloughing  ulcer  of,  211 

staphyloma  of,  219 

tattooing  of,  219 

treatment  of  ulcers  of,  215 

tumors  of,  228 

ulceration  of,  209 
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Cornea,    ulceration   of,   constitutional, 
209 
infected,  209 

vertical  section  of,  207 
Corneal  ellipse,  36 

loupe,  22 

microscope,  22 

section,  329 
Corpora   geniculata,    448 

quadrigemina,  456 
Corresponding  points  of  retina,  414 
Couching  cataract,  341,  348 
Cover  test,  425,  427 
Credo's  method,  171 
Critchett's  operation,  288 
Cryptophthalmos,  97 
Crystalline  lens,   chseases  of,   313 
Cul-de-sac,  inferior,  18 

restoration  of,  291 
Cupping  of  the  disk,  293 
Curetting,  216 
Cyclitis,  235,  248,  257,  460 

serous   irido-cyclitis,    245 

symptoms  of,   245 

traumatic,  240 
Cyclophoria,  424 
Cycloplegia,  39,  84,  89 
Cylindric  lenses,  54,  86,  88,  90 
Cylindroma,  155 
Cyst,  congenital,  of  iris,   247 

dermoid,  of  orbit,  154 

extravasation,  of  orbit,  154 

exudative,  154 

of  cornea,  254 

of  orbit,  154 

of  vitreous,   353 

sebaceous,  of  eyelid,  107 

serous,  154 
Cystericus,  203,  353,  364,  374 
Cystoid    cicatrix,    after    cataract    ex- 
traction, 340 
Cysto-sarcoma,  155 
Cysts,  154,  340 

of  conjunctiva,  202 


Dacryoadenitis,  134 

Dacryocystitis,  136,  461 
catarrhal,   136 
phlegmonous,  138 
purulent,  137 

Dalrymple's  sign,  467 

Danger  zone,   257 

Darier,  44 

Daviel  spoon,  330,  333 

Day-blindness,  359 

Deaf -mutism,  367 

Dementia,  456 

Dennett,  47 


Deorsumveigence,    413 
Derby,  44 

Dermoid  cyst  of  conjunctiva,  202 
of  cornea,  208 
of  orbit,  154 
Descemet's  membrane,   208,   213,   2r7 
Descemitis,    245 
Descending  neuritis,  391 
Deviation,  37,  415 

functional,  415 

latent,  37 

manifest,  37 

organic,  415 

secondary,  417 

tests  for,  37 
De  Wecker,  142,  345 
Diabetes,  328,  351,  362,  370,  393,  464 
Dififenbach's  method  of  blepharoplasty, 

116 
DigiUlin,  43 
Digitalis,  217 
Dilator  pupillae,  232,  447 
Dionin,  44,   219 
Diopter,  55 
Dioptric  apparatus,  89 

media,  34,  60 

system,  71 
Diphtheria,    461 

of  conjunctiva,  162,  180,  i8t 
Diplobacillus  conjunctivitis,  167 

of  Morax  and  Axenfeld,  166,  167 
Diplopia,  38,  414,  416,  436 

crossed  or  heteronymous,  417,  420 

homonymous,    417 

horizontal,  425 

in  concomitant  strabismus,  436 

in  ocular  paralysis,   418,   419,   420, 
421,  422 

monocular,  489 

test  for  pretended  amblyopia,  409 

transient,   432 

vertical,  425,  429,  430 
Direct  method  of  ophthalmoscopy,  55, 57 

size  of  papilla  in,  58 
Discission,  324 

of  after-cataract,  343 
Distichiasis,  122 
Divergence,    73,    413,    418,    431,    435, 

440,  441 
Divergence  paralysis,  422 
Dots,  373 

Gunn's,  373 

isolated,  373 

metallic,  373 

neuritic,  373 

Nettleship's,  373 
Drusen.  411 
Duboisin,  41,  449 
Dyerizing,  486 
Dyspepsia,  496 
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E. 

Ear,  disease  of,  471 
Ecchymosis,  spontaneous,  199 
traumatic,  250,  272,  273 
Ectasia,  206 
Ectopia  lentis,  346 
Ectropion,  cicatricial,  119 

Adams  operation   for,    118 
Adams- Ammon  op)eration  for,  119 
Arlt  operation  for,  121 
Hotz  operation  for,  120 
Wharton- Jones  operation  for,  119 
Eczema,  nasal,  470 
of  lid  margins,  loi 
sebaceous,  loi 
Edema,  angioneurotic,  200 
of  conjunctiva,    199 
of  cornea,  295^  298,  300,  301 
of  eyelids,  99 
Egyptian  ophthalmia,  184 
Electricity,  404 
Electrolysis  in  angioma,  108 
in  chalazion,  107 
in  distichiasis,  108 
in  granular  conjunctivitis,  190 
in  retinal  detachment,  365 
in  trichiasis,  123 
Electromagnet,  258,  259,  260,  261,  262, 

263,  264 
Elephantiasis  of  lid,   102 
Embohsm  of  central  artery  of  retina, 
361,   362,  472 
field  in,  473,  474,  475,  476 
Emmetropia,   32,    35,   36,   67,   70,    71, 

81 
Emphysema,    147,    199 

of  eyelids,  147,  272,  273 
Encanthus,  202 
Enccphalocelc,  153 
Endarteritis,  362 
Endocarditis,  362 
Endothelioma,  410 
EndovjLsculitis,  485 
Enophthalmos,  272 
Entropion,  123,  187 

Anagnostakis-Hotz  operation  for,  126 
Burow's  operation  for,   123 
Green's  operation  for,  124 
Harlan's  operation  for,  124 
Jaeschc-Arlt  operation  for,  125 
Enucleation  of  eyeball,  276,  279 
accidents  in,  284 
after  injuries,  279 
Arlt  operation  for,  281 
authors'  operation  for,  283 
Bonnet  operation  for,  281 
Bonnet    operation    for,    modified, 

281 
dc  Schwcinitz's  operation  for,  282 


Enucleation  of  eyeball  during  panoph- 
thalmitis, 383 
preventive,  276 
Priestley  Smith's  operation  for,  283 

Ephedrin,  40,  449 
Ephidrosis,  102 
Epicanthus,  98 
Epilepsy,  402,  456 
Epiphora,  118,  139,  142 
Episcleritis,   204 

fugaceous  periodic,  206 

relapsing,  206 

treatment  of,  265 
Epithehoma  of  conjunctiva,  198 

of  eyelids,  103 
Equilibrium,  37,  435 
Erectile  tumors,   154 
Ergot,  341,  399 
Erysipelas,  98,  163,  363 
Erythropsia,  410 
Eserin,  42,  346 

in  corneal  ulcers,  215 

in  glaucoma,  306,  309 
Esophoria,   424,   430 

etiology,  430 

symptoms,  430 

treatment,  430 
Esotropia,  415,  424,  434»  437»  442 

varieties,  438 
Eucain,  44 
Euphthalmin,  40 

Everbusch's  operation  for  ptosis,    116 
Eversion  of  upper  lid,  19 
Evisceration,  285 

during  panophthalmitis,  383 
Examination  of  patient,  17 
Exciting  eye,  273,  275 
Exenteration  of  orbit,  289 
Exophoria,  424,  431,  441 
Exophthalmic  goitre,  466 
Exophthalmos,    223,    476 

pulsating,  152,  272 

traumatic,  152 
Exotropia,  415,  424,  43^*  44i»  442 
Explosion,  epileptic,  454 

hysterical,  454 
Expression  operation,    190,    193 
External  rectus,  412 

advancement  of,  440 
paralysis  of,  417,  420,  421 
tenotomy  of,  441 
Extraction  of  cataract  (see  also  Cola- 
ract,  extraction  of),  328,  335,  336 
accidents  during,  336 
after-treatment  of,  335 
complications  in  healing  after,  339 
closure  of  pupil  after,  340 
cystoid  cicatrix  after,  340 
delayed  closure  of  wound  after,  339 
delirium  after,  342 
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Extraction  of  cataract}  glaucoma  after, 

341 
hemorrhage  after,  341 
iritis  after,  339 
keratitis  after.  340 
preparation  of  patient  for,  329 
prolapse  of  iris  after,  337 
piinilent     infiltration     of     wound 

after,  339 
retention  of  portions  of  lens  after, 

341 
without  capsulotomy  (see  Pagen- 

stecher's  operation),  336 
without  iridectomy,  335 
Eye,  direct  inspection  of,  17 
Eyeball,  atrophy  of,  175 

contusion,  266 

enucleation   of.     See   Enucleation. 

e\Tsceration  of.     See  Evisceration. 

foreign  bodies  in,  250,  251,  257,  258 

massage  of,  in  glaucoma,  309 

perforating  wounds  of,  255 

rupture  of,  267 
Eyelid,  abscess  of,  106 

adenoma  of,  102 

alopecia  of,  loi 

anatomy  of,  96 

angioma  of,  108 

angioneurotic  edema  of,  99 

bums  of,  251,  252 

carcinoma  of,   103 

cavernous  angioma  of,  108 

chancre  of,    102 

chromidrosis  of,  102 

coloboma  of,  97 

congenital  absence  of  tarsus,  98 

congenital   anomalies  of,   97 

diseases  of,  96 

ecchymosis  of,   qq 

eczema  of,  99 

edema  of,  99 

elephantiasis,  102 

emphysema,  99 

ephidrosis,  102 

epithelioma,  103 

erysipelas,    98 

erythema  of,  98 

favus  of,  102 

gumma  of,  102 

hordeolum,   106 

hyperidrosis  of,  102 

hypertrophies  of,  102 

injuries   of,    130 

lupus  of,    107 

lymphoma,  105 

lymphosarcoma,    105 
arsenic  in,  106 

malignant  pustule  of,  99 

method  of  everting,  iq 

milium,  106 


Eyelid,  molluscum  contagiosum,  107 
molluscum   fibroma,    108 
nasal  disease  in,  loi 
restoration  of,  116 
rodent  ulcer  of,  103 
sarcoma  of,  105 
stye,  106 

syphilitic  ulcer  of,  102 
wounds  of,   273 

contused,   273 

incised,  273 

lacerated,  273 

punctured,  273 
Eyes,  artificial,  insertion  of,  290 


Facets,  288 

Facial  nerve,   paralysis  of,    109 
Far  point,  34 
Faradism,  493 
Favus  of  eyelids,  102 
Fibrosarcoma,  155 
Field  of  fixation,  414 
of  vi^on,  27 

for  colors,  30 

in  glaucoma,  304 

in  hysteria,  487 

in  optic  nerve  atrophy,  403 

methods  of  measuring,  27 
Fistule  of  cornea,   219 
of  lacrimal  sac,    138 
Fitting  frames,  95 
Fixation,  binocular,  414 
central,  414 
eccentric,  31 
jDeripheral,  414 
point,  36,  414 
Fixing  eye,   414 
Fluorescin,   20,   210,   216 
Foci,  conjugate  51 
Follicles,  159 
Folliculosis,    183 
Fontana's   space,    22 
Foreign  Ixxlics  in  eyeball,   257 

in  iris,   258 

in  lens,  258 

in  vitreous,  258 
Form   sense,   23 
Fornix,   158 
Forstcr's  method  of  ripening  cataract, 

photometer,  403 
Fossa  lenticularis,  349 
Fovea,   61,  356 
Fowler  solution,  326 
Friedreich's  disease,  482 
Frost-Lang  operation  for  enucleation, 

287 
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Friihjahr's  catarrh,  192 

Fuchs^  194 

Fundus,  direct  examination  of,  57 

examination  of,  57,  58 

reflex.  56,  58 
Fusion,  428 


Galvano-cautery  in  corneal  ulcers,  216 
Gasserian  ganglion.  222 
Gifford,  loi,  160,  167,  253 
Glaucoma,  39,  42,  43,  293,  317,  318, 
35  7»  462 

acute,  298 

after  extraction  of  cataract,  341 

causes  of,  296 

chronic  inflammatory,  300 

chrom'c  non-inflammatory,   293,  302 

congenital,   293,   312 

cupping  of  the  disk  in,  293 

early  presbyopia,  296 

field  of  vision  in,  295,  303 

filtration  angle  in,  297,  302 
blocking  of,  297 

from  mydriatics,  297 

fulminans,  311 

halo,   295 

hemorrhage,  311 

inflammatory,  acute,  298 
diagnosis  of,  302 

non-inflammatory,  293,  302 
chronic,  302 
simple,  302 

pathology  of,  297 

premonitory  signs  of,  295 

primary,  293,  298 

prodromes  of,  296 

scleral  puncture  in,  309 

scotomas  in,  303 

secondary,   247,   257,   293,   310,   341 

simple,  293,  302,  310 

s3nnptoms  of,   299 

varieties  of,  293 
Glaucomatous  degeneration,   311 
Glioma,  156,  280,  375,  410 
Goitre,  exophthalmic,  466 
Gonorrhea,  460 
Gout,  297,  358,  416,  422,  456 
Graefe's  dot  and  line  test.  429 

knife,  346 

operation  for  ptosis,   in 
Gram  method  of  staining.  167 
Grandmont's  operation  for  ptosis,  in 
Grattage,   192 
Graves'  discise,  466 
Green,  Dr.  John,  141 
Grooved  bifocal  lens,  94 
Ground  bifocal  lens,  94 
Gumma  of  iris,  238 


Gumma  of  lids,  200 
of  optic  nerve,  410 
Gurm's  dots,  373 

H. 

Haab^s  magnet,  262 
I   Half  glasses,  94 
I   Harlan's  operation  for  symblepharon, 

modification  of  Diffcnbach's  opera- 
I  tion  for  blepharoplasty,  117 

test  for  simulated  blindness,  410 
Hasncr  d'Artha's  method  of  blepharo- 
plasty, 118 
I   Headache,  ocular,  493 

Helmholtz  theory  of  accommodation.  33 
)   Hematuria,  469 
I   Hemeralopia,  367 

Hemianopia,  406,  479 
I   Hemianopsia,  396,  406 
I       altitudlnal,  408 
I       binasal,  408 
I       bitemporal,  406 

crossed,  406 

homonymous,    406 

lateral,  406,  456 

lesions  in,  406 

pupil  in,  409,  456 
I       temporary,  408 

unilateral,  407 
I       vertical,  408 
'   Hemicrania,  494 

Hemiopic  pupillary  inaction,  409,  456 
I   Hemiplegia,  409 
'   Hemorrhage  during  cataract  extraction, 

337 

subconjunctival,    199 
Herpes  zoster  ophthalmicus,   100,  222, 

223 
Heterophoria,  423 

causes  of,  423 

diagnosis  of,  423 
Heterotropia,  423 
Heurteloupe,  243 
Hippus.  453,  456 
Hirschbcrg's  electromagnet,  2()i 

sideroscopc,  260 
Hoffman  bacillus,  181 
prognosis  of,  181 
Holmgren    method   of   detecting   color 

blindness,  500 
Holocain,   44,   210 
Homatropin,   41 
Hook  front  glasses,  94 
Hordeolum,   106 
Homer's   muscle,   96 
Hotz-Anagnostakis    operation    for    en- 
tropion, 127 
Hotz's  operation  for  trichiasis,  127 
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Hunt-Tansley  operation  for  ptosis,  114 
Hutchinson  teetjfi,  225 
Hyaline  bodies  in  papilla,  411 
Hyalitis,  235,  349 

purulent,  352,  372 
Hyaloid  artery,  314 

membrane,  313 
Hydrocephalus,  454,  479 
Hydrophthalmos,  293,  312 
Hyoscyamin,  358,  431,  449 
Hyperesophoria,  424 
Hyperesotropia,  424 
Hyperexophoria,  424 
H3rpermetropia.     See  Hyperopia. 
Hyperopia,  32,  72,  80 

absolute,  82 

accommodation  in,  81 

acquired,  85 

causes  of,  81 

ciliary  body  in,  81 

course  of,  81 

diagnosis  of,  83 

far  point  in,  82 

latent,  82 

manifest,  82 

near  point   in,   82 

optical  treatment  of,  84 

symptoms  of,  82 

x-ision  in,  83 
Hyperphoria,  424,  432 

causes  of,  432 

tests  for,  433 
Hypertropia,  441 
Hyphema,  22,  268 
Hypophoria,  424 
Hypopyon,  22,  210,  212 
H)rpotropia,  442 
Hysteria,  405,  486 


I. 

Ichthyol  ointment,  231 
Images,    formation    of,    by    spherical 
lenses,  52 

false,  417 

inverted,  52 

true,  417 

Nirtual,  52 
Imbalance,  muscular,  38 
Implantation  op)eration,  287 
Incised  wounds  of  lids,  130 
Increased  tension,   294 
Inferior  cul-de-sac,  18 

meatus,  132 

oblique,  413 
parah'sis  of,  420 

rectus,  412 

paralysis  of,  419 
Influenza,  398,  462 
Infraduction,  413,  425 


Insomnia,  486 
Inspection,  17 
I  Insufficiency,  37 
Internal  rectus,  412 

paralysis  of,  418 
Intraocular  hemorrhage  after  cataract 
extraction,  343 

tumors,  375,  384,  410 
lodin,  tincture  of,  in   corneal   ulcers, 

216 
Iodoform,  353,  382 
Iridectomy,  227,  228,  247,  307,  332 

in  glaucoma,  307,  308,  310,  312 

in  sympathetic  inJSammation,  278 

optical,  327 

preliminary    to    cataract    extraction, 

!  318.  327»  ^i^*  343 

Iridercmia,  233 
Iridocyclitis   after  cataract   extraction, 

?>h^  339 

serous,  245 
Iridodialysis,   248,   268 
Iridodoncsis,  346 
Iridoplcgia,  269,  455 
Iridolomy,  345 

scissors,  345 
Iris,  22,  42,  232 

bomb<5,  242,  311 
I       coloboma  of,  233,  376 

color  of,  22 
i       cyst  of,  247 

diseases  of,  232 

fibroma  of,   247 
I       foreign  bodies  in,  258 
'       gumma   of,  237,  238 

hyperemia  of,  234,  235 
I       injuries  of,   248 
I       prolapse  of,  256,  337,  342 
I       retroflexion  of,  269 

rupture  of,  269 

rupture  of  continuity  of,  268 

sarcoma  of,  247.  280 

tumors  of,  247 

wounds  of,  337 
Iritis,  acute,  302 

after  cataract  extraction,  339 

causes  of,  237 

chronic,  241,  246,  302 

diagnosis  of,  241 

gonorrheal,  239 

gouty,  239 

gummatous,  237,  238 

idiopathic,  240 

iridectomy  in,  246 

operative  treatment  in,  246 

prognosis  of,  241 

relapsing,  246,  460 

rheumatic,  239 

secondary,  240 

sequels  of,  241 
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Iritis,  serous,  245,  462 

spongy,  240 

stages  of,  237 

sympathetic,  237,  240 

symptoms  of,  235 

syphilitic,  237 

traumatic,  240 

treatment  of,  242,  243,  244,  245 

tubercular,  240 
Irritation  myosis,  454 

theory,  393 
Ischemia  of  retina,  299,  358,  362 
Isocoria,  453 


Jackson,  48,  68 

Jackson's  magm'fying  lens,  21 

prism,  428 
Jaesche-Arlt  operation  for  trichiasis,  125 
Javal-Schiotz  ophthalmometer,  65 
Jequirity,  189 
Johnson,  262 


Kalt's  stitch,  339 
Kataphoria,  424 
Keratectomy,  229,  280,  288 
Keratitis,  209,  235,  380 

bullous,  223 

dcndritica,  214 

dcssiccata,  223 

diffuse  parenchymatous,  224 

fascicular,  221 

filamentous,  224 

hypopyon,  217 

interstitial,  224 

malarial,  214 

neuroparalytic,  222 

nodosa,  228 

parenchymatous,  224 

pericorneal  injection,  209 

phlyctenular,  220 

profunda,  224 

punctate,  224,  245 

relapsing,  223,  254 

ribbon-shaped,  227 

sclerosing,   227 

striped,  224,  340 

trophic,  222 

vascular,  224 

vesicular  223 
Kcratocele,  219 
Keratoconus,  229 

Keratoglobus.     See     Congenital    glau- 
coma. 
Keratomalacia,  214 
Kcrectasia,  219 
Klebs-Locfilcr  bacillus,  162 
Knapp,  230 


Knapp  knife  needle,  325,  343 
operation  for  pterygium^  194,  196 

Koch-Weeks  bacillus,  164 
conjunctivitis,  164 

Krause  glands,  132 


I   Lacrimal  abscess,  138 
apparatus,  132 

anatomy  of,  132 
bone,  necrosis  of,   139 
duct,  stricture  of,  in  cataract,  328 
dilatation  in,  140 
symptoms  of,  139 
treatment  of,  139 
gland,  134 

diseases  of,  134 
extirpation  of,  144 
superior,  132 
probe,  introduction  of,  141 
sac,  132,  133,  135 

and  duct,  relation  of  diseases  of 
I  nose  to,  134 

excision  of,   141 
fistula  of,  134,  138 
secretion  of,  134 
Lagophthalmos,  109,  223 
Lamina  cribrosa,  58 
Landolt's  method  of  advancement,  446 
,   Lantern   test   for  color-blindness,    501 
I   Latent  de\'iation  of  eye-muscles.     See 
I        Heterophoria. 
Lawrence,  142 
Leber,   199,  212 
Leeches,  243,  277 
Lens,    33 

coloboma  of,  348 
concave,  50 
convex,  50 
cortex,  313 
crystalline,  313 
curvature  of,  33 
diseases  of,  313 

dislocation   of,    240,    267,    270,    311, 
312.  33S 
complete,   347 
partial,   346 
foreign  bodies  in,    258 
injuries   to,    270 
luxation  of,  347 
operations  for  dislocation  of,  348 
removal  of,  in  myopia,  79 
subluxation  of,  346 
suspensory  ligament  of,  233 
Lenses,  50 
biconcave,  51 
biconvex,  51 
l)iforal,  93 
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Lenses,  concavo-convex,  51 

convexo-concave,    51 

cylindric,  50 

numbering  of,  54 

periscopic,   52 

plano-concave,  51 

plano-convex,  51 

refracting  by,  50 

refracting  power  of,  54 

spheric,  50 
Leprosy,  228 
Leucocythemia,  393 
Leucoma,  181,  219 

adherent,  219 
Leukemia,  464 

Ligamentum  pectinatum,  22,  233 
Light-difference,  26 
Light-minimum,  26 
Lightning,  272 

injuries  from,  272 
Light-perception,    26 
Light-projection,  329 
Light-sense,  23,  26 
Limbus  cornea,   203 

sclera,  203 
Limitation  of  movement    417 
Linear  extraction  of  cataract,  325,  342 
Lippincott's  magnet,  262 
Liquor  Morgagni,  313 
Lithiasis  conjunctivitis,  199 
Locomotor  ataxia.   402,  455,   480 
Loring's  ophthalmoscope,   56 
Lower  lid,  96 
Lupus,  107,  459 
L3miphangiectasis,  201 
Lymphoma  of  eyelids,   105 
Lymphomatous  conjunctivitis,  200 


Mackensie  Davidson's  method  with  x- 

rays,   506 
Macula,  219 

lutea,  356 
Macular  ganglion  cells,  399 
Maddox  rod,  38,  425,  426 
Magnet,  259 

diagnosis  by,  260 

extraction  by,  261 
Malaria,  462 
Malarial  neuralgia,  495 
Malignant  growths  of  orbit,  155 
Malingering,  40Q 
Mariotte's  blind  spot,  32,  356 
Massage  in  glaucoma,  309 

of  cornea,  219,  227,  362 
Measles,   215,  460 
Media,  examination  of,  61 
Mcgalophthalmos,  209 
Meibomian  glands,  96,  100,  102 


Melanosarcoma  of  iris,  249 

Melena,  469 

Meningitis,  279.  284,  456,  479 

cerebrospinal*  479 

epidemic,  479 

purulent,  363,  382 

tubercular,  479 
Meningocele.  153 

Mercurial  inunction,  277,  351.  369 
Mercury,  381,  382,  399,  400.  404 

in  iritis,  244 
Metallic  foreign  bodies  in  eye,  257 
Metamorphopsia,  359,  368,  370,  378 
Meter  angle,  35 
Method  of  application  of  silver  nitrate, 

173 
Methyl  alcohol,  398,  405,  406 
Michel,  184 

Microphthalmos,  309,  376 
Migraine*  483 
Milium,  106 

Molluscum  contagiosum,   107 
Moon  blindness,  372 
Morax,  161 

Morgagnian  cataract,  323 
Movements  of  eyeballs,  37 
Mules's  operation,  285 
Musca;  volitantcs,  276,  354,  495 
Muscarin,  43,  450 
Musculo-dynamic  tests,  425,  428 
Mydriasis,  448,  454 
Mydriatic  nerves,  path  of,  448 
Mydriatics,  39,  69,  450 

purposes  of,  40 

use  of,  41 
Mydrin,  40 
Myopia,  32,  71,  73,  357,  377 

accommodation  and  convergence  in, 

73 
asthenopia  in,  74 
cause  of,  73 
ciliary  body  in,  81 
congenital,    73 
cycloplegia  in,  78 
degrees  of,  78 

high,  78,  346,  351,  365 

low,  78 

medium,  78 
estimation  of,  by  ophthalmoscope,  75 
estimation  of,  by  retinoscope,  75 
far  point  of,  74 
fundus  changes  in,   75 
malignant,  76,  77,  78,  383 
muscular  coordination  in,  73 
near  point  of,  74 
ordenng  of  glasses  for,  79 
prognosis  of,  75 
reading  glasses  in,    79 
removal  of  cr>'stalline  lens  in,  79 
spurious,  72 
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Myopia,  treatment  of,  78,  84 
general,  78 
local,  78 
operative,  79 
optical,  78 
vision  in,  75 
Weiss  ring  in,  77 
Myopic  crescent,   76 
Myosis,  42,  447 
Myotic  nerves,  path  of,  448 

reflex,  448 
Myotics,  42i  3",  449 
Myxoma,   155,   247,  410 


Naphthalin,  318 
Nasal  duct,  132 

disease,  358 
Near  point,  34 
Nebula,  218 

Needle  operation  for  cataract,  324,  343 
Neisser,  gonococcus  of,  168 
Nephritis,   362,  369,  403 

retinitis  in,  369,  483 
Neurasthenia,   358,   359,   456 
Neurectomy,  287 
Neuritis,  391 

descending,  391 

medullary,   391,   398 

optic,  390 

retrobulbar,  399 
acute,  398 
chronic,  399 
hereditary,  400 
Neuroepithelioma,    156 
Neuroretinitis,  393,  401 
Nevus,    108 
Nicotin,  43,  450 
Night  blindness,  201,  367 
Nitrite  of  amyl,  400,  404 
Nitroglycerin,  310.  404 
Nodal  j)oint,  36 
Non-magnetic  l)odies,  265 
Norm,al  salt  solution,  44,  353 
Nj'stagmus,   18,  367,  456 


Oblique  illumination.    20 

( )ru].'ir  muscles,  anatomy  of  413 

.is^iK'iated  movements  oU  413 

associated  jiaralysis  of,  415 

insufricienry  of.     See  Jletcrnphoria. 

paralysis  of.     Sec  Pnlsics. 
palsies.   415 

intracranial  causcvs  t)f.   415 

orbital.   415 

jK*riphcral,  415 
Oculomotor  nerve,  420 


Ophthalmia,  gonorrheal   460 
neonatorum,  168,  460 

application  of  cold  in,  172 

diagnosis  of.  170 

irrigations  in,    172 

local  applications  in,  172 

mercunc  bichlorid  in,  171 

pathology  of,  168 

prophylaxis  in,  170 

protargol  in,  171 

silver  nitrate  in,  171 

symptoms  of,   169 
nodosa,  202 
Ophthalmic  artery,  387 
Ophthalmometer  of  Javal  and  Schiotz, 

I   Ophthalmometry,  55 
Ophthalmoplegia,  416 
!       externa,  422,  461 
totalis,  422 
Ophthalmoscope,   55,   62 
course  of  rays  in,  63 
determination   of  refraction  bv  the, 

61 
electric  light,  60 
examination  with,  55 
stationary,  64 
Thorner,  64 
Ophthalmoscopy,  direct  method  of,  55 

indirect  method  of,  62 
Opium,  43 
Optic  axis,  35 
chiasm,  387,  456 
nerve,  387 
anatomy  of,  387 
anemia  of,  390 
anomalies  of,  388,  401,  411 
atrophy  of,  266,  393 
consecutive,  402 
diagnosis  of,  403 
primary,  402 
secondary,  402 
sj)inal,  402 
stages  of,  394 
treatment  of,  404 
coloboma  of  sheath  of,  38g 
congenital  anomalies  of,   3S8 
conf^estion  of    389 
fibroma  of,  389 

hemorrhage  into  sheath  of,  390 
hyaline  bodies  in  head  of,  411 
hyperemia  of,  390 
injuries  of,  272 
intracranial  causes  of,   300 
o[)aque  libers  of,  388 
opticociliary  neurectomy,   2S7 
physiologic  variations  in,  58 
secondary  atrophy  of,  402 
sheath,  retained,  388 
spinal  atrophy  of,  402 
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Optic  neuritis,  350,  390,  391 
constitutional,  393 
mechanism  of,  392 
simulating    retinitis    albuminuria, 

477 

neuroietimtis,  401 

papilla,  387 
variations  in,  387 
Optical  center  of  lens,  50 

iridectomy,  219 

principles,  general,  46 
Opticociliary  neurectomy,  287 
Orbicularis  palpebranmi,  96,  108 
Orbit,  abscess  of,  363 

angioma  of,  154 

carcinoma  of,  155 

caries  of,  146 

cellulitis  of,  151 

dermoid  cyst  of,  154 

diseases  of,  146 

exenteration  of,  289 

foreign  bodies  in,  148,  150,  265 

fracture  of,  147,  272 

gummata  of,   146,  147 

injuries  of,    147 

periostitis  of,  46 

phlegmon,  151 

sarcoma  of,  154 

temperature  of,  20 

tumors  of,  154 
Orthophoria,  424 
Oxaluria,  358 


Pachymeningitis,  479 

Pagenstecher's  operation  for  ptosis,  in 

for  cataract  extraction,  335 
Palpation,  38 
Palpebral  fissure,  130 
Palsy,  421 

abducens,  421 

conjugate,  422 

infantile,  421 

of  inferior  oblique,  420 

of  inferior  rectus,  419 

of  internal  rectus,  418 

of  sujDcrior  oblique,   421 

of  superior  rectus,  419 

recurrent  oculomotor,  421 

trochlcaris,  421 
Panas's  operation  for  ptosis,  112 
Pannus,   186 

sequels  of,  187 

treatment  of,  189 
Panophthalmitis,    151,    175,    265,    284, 
352,  382 

evisceration  in,  284 

infection  in,  151 
Papilla,  58 


I  Papilla,  excavation  of,  59 

form  of,  60 

pigment  zone  around,  59 
I  PapUloma  of  conjunctiva,  202 
I  Paracentesis,  216,  309,  341 
I       needle,  216 

Parallax  test,  428 
I  for  heterophoria,  425,  428 

Parinaud's  conjunctivitis,  200 
'  Pars  ciliaris,  356 
Pavement  granulations,  193 

treatment  of,  193 
Pediculus  capitis,  162 

pubis,  10 1 
Pemphigus  of  conjunctiva,   201 
Penollium,  43 
Pericorneal  injection,  235 

zone,  20 
Perimeters,  27 

blackboard,  27 

McHardy,    27 

Sweet,  27 
Perimetry,  27 
Periostitis  of  orbit,  146 
Peritomy,  189 
Perivasculitis.  373 
Permanganate  of  potassiimi,  172,   182, 

330 
Persistent  pupillary  membrane,  234 
Peters,  167 
Petite  hysteria,  486 
Petit's  canal,  313 
Phlyctenular  conjunctivitis,   182 

keratitis,  220 
Phlyctenulosis,  220 

multiple,  221 

purulent  serous,  221 
Phosphenes,  276 
Photometer,  26 
Photopsia,  359 
Phthiriasis,  10 1 
Phthisis  bulbi,  248,  353 
Physiologic  excavation,  293 

salt  solution,  injections  of,  217,  365 
Pilocarpin,  42,  351,  423 

sweat,  397 
Pinguecula,    194 
Placido's  disk,  20,  230 
Plexiform  sarcoma,  155 
Pneumococcus,  282 

conjunctivitis,  163 

in  corneal  ulcers,  212 
Podophyllin,  354 
Point  of  reversal,  66,  67 
Polycoria,  234 
Pooley,  260 
Porus  opticus,  59 
Position  of  rest,  414 
Posterior  focus,  36 

synechia,  235,  236,  237,  238,  241,  242 
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Piilamiuin  \%h\U\  in  iritis,  24^ 
|)riMmnx(iMalr.  17J,  i8i,  ^\\q 
V\v\\\{\v'h  lurtliiMl  of  nuiul)rring  pnsms, 

A7 

riri«bvo|>ia,  7^,  oJ.  ^i^,  ,^58 
iittixH  tion  of.  «)^^ 
pivuuiUnx*      fiiun     ^laiuonia,     205, 

laixgr  ol  aMtmumxIatioii  in,  0.2 

nvniplontH  of.  Kii 

taMr  ol  a«i\«M\nuHlation  in,  03 
Ptinunx  <lc\i.uion,  417 
Prinii)val  f\HU>,  4S,  40.   nv"* 
riimm,  ^M»  47 

anglr  of  iloxiation.  47 

»x>n\rt>^Mur.  4:S 

\rnna»U.  47 

l'^M^x^  nxM\.  4 ;» 

^!ix^)^^o^.  47 

\!i\ct>;rn*o.   j:S 

o\rt\  »•»,-,  with.   J  ;v 

t>ot,ihon  »M.   |- 

^^^t.^.^  .    i  '>.    i  \^ 

rtonm\\',n.  uM 

o|v*.,r,u^nN  {x»'.    '..^v.  ■.^^^    \,^- 
TtvVMv,   w  .^.   '.  X  ;    '.  S '     ' ' ; .  4  -^ 

r^nA^  o;s".,*,:;v-:'i.   *.  v  : 
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)V.'.v,■,;^^•^    »>:    -v :.:'.,*     x-r^^*- x.    x* 
)V:va  ^,w:^  ".;:.A.   ;;: 

^V;^;..  r;    ..- 


Sirr    x^•^     4x'. 


Pupillary  membrane,  persistent,  234 
Pupillometer,  23 
Pj'ogenes  alvus,  i6i 


Quinin,  39S,  399 

R. 

Rachitis,  465 
Raehlmann»  230 
Randolph,  160 
Ran-s  ot  light,  46,  49 
;i.\ia].  50 

Rontgen,  104.  260,  265 
kvalization  by,  502 
Reading  distance  test,  429 
Rcvius,  exiomal,  412 

imornal.  412 

sujx^rior.  412 
Rcii  Mindnoiys  500 
RctWiion,  4S 
Reflex,  450 

;u\\^nimvxlaiion.   450 

vo:nen:ence.  450 

>er.>*>r>".  450 

sor.sv^n  ligh:.  450 
Kt  ::-.\.::or..  4^.  4^ 

c>:i:v..i::v-i . :.  by  ihe  ophthalnKiscope 
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Retina,  ischemia  of,  299,  358,  362 

light  reflex  of  vessels  of,  60 

pigmentary  degeneration  of,  365 

pseudoglioma  of,  375 

rupture  of,  364 

shot  silk,  356 
Retinae  commotio,  270,  374 
Retinal  artery,  299 
pulsation  of,  299 

image  in  hyperopia,  37 
in  myopia,  37 

pigment,  22 

veins,  pulsation  of,  60 

vessels,  aneurisms  of,  375 
atheroma   of,    362 
endarteritis  of,  362 
Retinitis,  359 

albuminuric,  369 

causes  of,  369 

circinata,  373 

diabetic,  371 

diagnosis  of,  370 

edema  of,  359 

exudative  type  of,  369 

field  of,  364 

from  anemia,  371 

from  exposure,  371 

fundus  changes  in,  370 

hemorrhages  in,  369 

hemorrhagic,  361 

leucocythemic,  371 

parenchymatous,  372 

pigmentosa,  365;  403 

proliferans,  372 

punctata  albescens,  373 

punctate,  372 

purulent,  372 

striata,  374 

symptoms  of,   359 

syphilitic,  367 

treatment   of,    369 

vascular  changes  in,  369 

visual  disturbances  in,  359 
Retinochoroiditis,  368 

atrophic,  378,  380 

central,  379 

chmnic,  403 

purulent,  372 
Retinoscopic  plane  mirror,  66 
Retin(>st:()py,  66,  67 
Retrobulbar  neuritis,  462 
acute,  398 
chronic,  399 
Rheumatism,   362,  416 
Rickets,  464 

Risley's  rotar\'  prism,  428,  429 
Rod  test  for  heterophoria,  426,  427 
Rodent  ulcer  of  eyelids,  103 
Roller  forcepS;  190 
Rontgen  rays..   104,  260,  502 
34 


Saemisch's  incision,  218 

ulcer  of  cornea,   211 
Salicylate  of  sodium  in  glaucoma,  310 
Salicylates,  399 
Salicylic  acid  in  iritis,  245 
Salmon  patch,  226 
Sarcoma  of  choroid,  384 

of  ciliary  body,  249 

of  conjunctiva,  203 

of  eyelids,  105 

of  iris,  247,  249 

of  optic  nerve,  410 
Savage's  operation  of  resection,  446 
Scarlet  fever,  215,  485 
Schleich,  44 

Schlemm's  canal,   22.    232,  311 
Sclera,   anatomy  of,   203 

disease  of,  203 

perforation  of,  during  tenotomy,  443 

pigmentation  of,  206 

staphyloma  of,  206,  249 

tumors  of,  206 

wounds  of,  206,  256,  257 
Scleral  ring,  357 
Scleritis,  204,  235    459 
Sclerokeratitis,  227 
Sclerosis,  403,  480 

multiple,  403 
Sclerotomy,  308,  310 

anterior,   308,   311 

in  detachment  of  retina,  365 

posterior,  309 
Scopolamin,  41 
Scotoma  31,  359 

absolute,  31,  400 

central,  31,  359,  378,  396,  398 

expanding,  385 

in  glaucoma,  303 

measurement  of,  32 

negative,  31 

paracentral,   31,   359 

peripheral,  31,  359,  368 

physiologic,  31,  32 

positive,  31 

relative,  31 

ring,  31 

scintillating,  483 
Second  sight,  321 
Secondary  deviation,  417 
Senility,  328 

Serpigenous  ulcer  of  cornea,  2 1  r 
Shadow  test,  66 
Siderosis,  259 
Sidenscope,  260 
Silver  nitrate,  164,  166,  172,  173,  179, 

184 
Simulated  blindness,  409 
Sinuses,  affections  of,  148 
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Skiascopy,   66 

Skin  grafting,  Thiersch's  method  of,  1 28 

Wolfe's  method  of,  128 
Smallpox,  460 

Snellen's  reform  eye,  284,  290 
Snow  blindness,  359,  371 
Spectacles,  adjustment  of,  95 
Spectroscope,  501 
Sphenoid  cavity,  149 
anatomy  of   149 
sinus,  diseases  of,   148 
Sphero-toric  lenses,  95 
Sphincter  pupillae,  232,  447 
Spinal  atrophy,   303 
meningitis,  455 
myosis,  454 
Sponge-p^ifting,  287 
Squint.     See  Strabismus. 
Standish,  173 
Staphylococci,  161,  383 

in  corneal  ulcers,   212 
Staphyloma,  206,  220,  229,  280 
anterior,  206 
ciliary,  205.  257 
partial,   218 
total,  219 
of  cornea,  280 
of  sclera,   206 
posterior,  33.  ^S^ 
Starkey,  198 
Stellate  patches,  484 
Steven's  classification  for  heten^phorias, 
424 
method  of  tenotomy,  444 
Stilling's  knife,  141 
Strabismus,   417 

advancement  in,  439 
alternating,  415,  438 
concomitant,  434 
convergent,  437 
divergent,  441 
congenital  paralytic,  416 
constant,  438 
convergent,  437 
divergent,  441 
external,  434,  441 
internal,  434.  437 
latent,  424 
monocular,  438 
o|KTations  for,  442 
accidents  in,  443 
instruments  for.   442 
parah-tic,  4x5 
causes  of,  415 
|>osition  of  head  in   41S 
symptoms  of,  416 
treatment,  423 
perioilic,  438 
prism  correction,  44^ 
exercise  in,  441,  41^ 


I   Strabismus,  prisms  in,  440 
!       residual,  440 
rotation  in,  441 
tenotomy  of,  441 
transference  of,  448 
treatment  of,  442 
vertical,  441,  434 
Streptococcus,  99,   168,  211,  212,  3S2 
Strychnin,    272,    310,    358,    367,    399, 
404 
in  cataract  extension,  339 
,   Stye,   106 
Subarachnoid  space,  387 
Subconjunctival   injections,    217,    227, 

353»  383 
Subcutaneous  hemorrhage,  130 
Subdural  space,  387 
Subretinal  fluid,  364 
Suction  method  for  cataract,  326 
Sulphate  of  copper,  184,  188 
Superior  cervical  ganglion,   309 
I       cul-de-sac,    19 

oblique,  413 
,  paralysis  of,  421 

'       rectus,  412 

paralysis  of,  419 
Suprachoroidea,    375 
Supraduction,  413,  425,  429,  433 
Suprarenal  glands,  44 
Sursumduction,  429 
Sursumvergence,  413,  429 
SusjDensory  hgament,  ^^ 
Sweat  treatment,  205 
Sweet's  magnet,  262 

method  with  .v-ray,  502 

perimeter,  27 
Symblepharon,  98,  129,  181,  187,  191, 

'198,  252,   253 
Sympathectomy,  309 
Sympathetic    inflammation,    265,    267, 
275,  277,  287.  317 

irritation,   273,   274,  280,  353 

ophthalmia,  246,  273,  280,  353 
transmission   theories  of,   274 

ophthalmitis,  273 
Sympathizing  eye,  273,  275 
Synchisis  scintillans,   354 
Syndecker,  184 
Synechia,  annular,  236 

anterior,  211 

complete,  236,  242,  310 

incomplete,  236 

lenticular,  213 

partial,  236 

|X)sterior,  235 
S>7)hilis.  351,  378,  380 

hereditar}',  224 

of  conjunctiva,  200 

of  eyelids,  102 
Szokalski,  197 
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Tabes  dorsalis,  416,  455 
Tannin,  167,  178,  184,  19a 
Tansle/s  operation  for  ptosis,  113 
Tarsitis,  108 
Tarsorrhaphy,  1 30 

Tarsus,  39,  108,  iii,   112,   114,   115, 
121,  123,  126,  127 
lower,  96 
upper,  96 
Tattooing  of  cornea,  219 
Teale's  operation  for  symblepharon,  253 
Telangiectasis,  io8 
Tenometers,  39 
Tenonitis,  443,  459,  460 
Tenon's  capsule,  159 
Tenotomy;  439,  440,  441 
accidents  during,  443 
graduated,  444 

in  heterophoria,  431 
partial,  444 
superior,  440 
Tension,  intraocular,  39 
Terson,  142 
Test-types,  25 
Theobald,  141 

Thiersch  grafts,  117,  128,  197,  198,  253 
Thomson's  color  test  lantern,  501 
Thorington,  66 

Thrombosis  of  central   retinal   arterv, 
472»  485 
of  central  retinal  vein,  363 
Tobacco,  399 

amblyopia,  400 
Toxic  dermatitis,  98 
Trachoma.  183 
follicle,  185 
treatment,  188 
sequels  of,  187 
silver  nitrate,  188 
Trial  lenses,  55 
Trichiasis,  123,  187 
Tropomctcr,  511 

Tscherning's  accommodation  theory,  34 
Tubercle  bacillus,  198 
Tuberculosis,  iq8,  378,  459 
of  choroid,  386 
of  conjunctiva,  198 
of  optic  nerve,  410 
prima  r>',  198 
secondary,  198 
Tx'phoid  fever,  463 
Tyrrell  hook,  344 


Ulcer,  crescentic,  211 
febrile,  215 
indolent,  214 
infected,  210 


I   Ulcer,  infecting,  211 
!       rodent,  103 
j   Ungxiisonyx,  213 
Uveal  tract,  375 


;   Van  Milligen's  operation,  128 
Vascular  tumors  of  orbit,  154 
treatment  of,  154 
I   Venae  vorticosa,  203,  298 
I   Vertigo,    418,    471 
I   Vision,  binocular,  31 
!  field  of,   31 

method  of  testing,  409,  410 
color  field  of,  31 
field  of,  27 
for  colors,  30 

maximum  acuteness  of,  23 
of  peripheral  parts  of  retina,  acuity 
of,  30 
Visual  acuity,   24 
angle,  24,  437 
axis,  414 

conduction  paths,  407 
.line,  36,  437 
Vitreous,  349 
anatomy  of,  349 
blood  in,  352 

blood-vessel  formation  in,  349 
cholesterin,  354 
congenital  anomalies  of,  349 
detachment  of,  353 
diseases  of,  349 
dust-like  opacities  of,  350 
foreign  bodies  in,  354 
hemorrhage  into,  352 
loss  of,  during  cataract  extraction,  338 
opacities  in,  62,  258,  259,  350,  379, 

380 
opacities,  membranous,  351 

diagnosis  of,  62 
purulent  inflammation  oi  257 
spontaneous  hemorrhage  into,  252 
threads  of  opacity,  351 
wounds  of,  354 

W. 

Weeks'  bacillus,  164,  166,  168,  176 

Weeks'  operation  for  restoring  cul-de- 
sac,  291 

Weiland's  test  for  pretended  amblyopia, 
410 

Wernicke's  symptom.  See  Hetniopic 
pupillary  inaction. 

Wharton- Jones  op)eration  for  ectropion, 

Wilder's  operation  for  ptosis,   117 
Williams,  141 
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Wolfe,  60  '   Xerophthalmos,  227 

grafts,  115  I   Xerosis  bacilli,  161,  188,  201 

ophthalmoscope,  60  I  of  conjunctiva,   201,   227 

Wood,  42  ■'  X-rays  in  detecting  foreign  bodies,  260 

Worth's  amblyoscojDe,  440  '  j       in  epithelioma  of  eyelids,  104 

Wound  of  entrance  of  foreign  l)odies,  1 

259 

Y. 

X.  Yellow  oxid  of  mercury,  166,  167,  183, 

Xanthelasma,  103  188 

Xanthoma,  103  spot  (see  Macula  luted),  61 
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